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subjects adopt a diverse but systematic approach; the others may or may
not have diversity, but are not systematic (they do not generate sensible
design principles). If enough time is allowed versatile subjects and, in
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Introduction

The research described in this repart is a rational continuat-
ion of previos werk upon design capability and conceptual style carr-

jed out as part of Contract F44620-76-C- through the European
Office.

In the previous studies, the subjects, some of them exper-
ienced designers, and some of them graduates in electronic engineering,
designed an analcgue electronic simulator for demonstrating the prin-
ciples of reaction kinetics in physical chemistry; the progress and
the energetics of a chemical reaction being simulated,as customary
for the (United Kingdowm) "A level" student, in terms of "activated
complex” theory; a gross, but numerically sophisticated, approxim-
ation to reality. A1l subjects were tested for learning and conceptual
style using the "Spy Ring History Test", and were reauired to justify
their design by constructing @ graph, which asovoximated an
entailment mesh, indicating how and why they designed the simulator
as they did. Further, all the designs "worked satisfactorily" ;
meeting the requirements of a design brief. But, given this much,
the quality of designs (all of which satisfied the brief) was assessed
according to stated criteria; namely, reliability, transparency, N
ruggedness ,how fool proof the designed simulator is ).and the extent
to which a simulator can be used in a flexible manner for different
demonstrations.

The results obtained in this previous study have been reported.
Results include a significant positive correlation between the: ver-
satility score on the stylistic test and the rated quality of design;
between versatility score and the tendency to use defensible analogies
between the application domain, and the domain of electronic design, and
in some respects, the superiority of the experienced designers who
do, however, take longer to produce a design which satisfies the brief.

The studies covered by the present report are.as follows:

(a) Continued investigation, using recorded group and individual
interviows, of subjects in the original pool, the intention being to
provoke them, where necer-ary , by suggested deficiencies in the
original brief, into innovative activity based upon a more widely
useable simulator. Somewhat contrary to the pe<simistic views I
eXpressed, during discussions in Washington, this enquiry has yielded
some usaeful data: chiefly, because it proved possible to retrieve

"lost" subjects, more than 18 months after the first study was finished.

(b Experiments intended *o indicate the difference between hardware
de.igning and computer programnming and the dependency between prog-
ramming skill and the stylistic test scores. For this purpose A/D

and D/A convertors were used to inte face the computer with a replica
of the display and control layout of the original reaction kinetics
design task, and the brief presented was similar except for the criter-
ia of design quality employed. Once again, all of the designs did

as a minimal requirement, satisfy the design brief.

(c) Fairly large scale, 4 session, experiments in which less
sophisticated designers, (26 subjects from teacher training college
and from technical college), attempted the design of an intruder alarm
sy-tem. Subjects were provided with details of .how simple devices
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function, how detectors could be wired together, etc., and they »11
had access to two differently located |:remises (presenting two, very
different, kinds of protection problem). One goal of the study was
to relate conceptual style, as determined by the tests, to design
quality (all designs must satisfy a minimal brief), and another goal
was to relate these indices to the number of other-than-trivially
different designs produced. Subjects were encouraged to make and
describe as many alternative designs as possible, and two designs
(each bearing a different cost limit) were required, for each of

the two premises.

(d) A small scale study, 11 subjects from one of my graduate
classes (MSc in Cybernetics,at Chelsea College).carried out over 8
months in which the experiment of (c) was repeated in a more open-
ended and leisurely manner. Serious comprehension of how the intruder
detection and alarm devices work is unnecessary (and, as judged by a
standard questionnaire, the knowledge of the function of each
device, as a "black box", scarcely differed from the knowledge of the
sub:jects in (c) ) . However, in this case, the design task gained
"out of class" credit,and it was possible for the (d) subjects to
thin' at leisure. Their gradings did not depend upon design quality,
as such, rather, upon discussion of the task, comparison of designs,
etc., in subsequent 1st year seminars.




. Follow up study of designers

I expressed some anxiety about this study when last in Washington
because of corruption of the data.

Due to unavoidable circumstances, it turned out that all the indiy-

idual and group sessions were (finally, and for some part of each per-
son's history) conducted by one experimenter, myself. 1 had the strong
impression at ‘hat stage (some year or more ago),that many of the inn-
ovations were due to the experimenter, even though accidentally intro-
duced. On listening to sample tapes (all sessions were sound recorded
and many video recorded) this pessimistic impression is falise. The
findings must of course, be qualified, regarded as "clinical type"

data and no elaborate comparisons have been attempted. All the same

the findings are of interest, particularly since members of our original

subject pool of hardware designers who had left the neighbourhood
returned to London and proved sufficiently interested to make contact
and return for further discussions.

The prompting comments, used to elicit innovations, were as
follows:

(a) Can you really amalgamate the designs into a potentially
more powerful or accu-ite simulation (if so, show me, or us, as a
group, how to do so).

(b) Is the complex amalgamated system chemically or physically
meaningful (if not, say why not)

(c) What really is assumed about the kinetics of a reaction.

(d) What happens if the reactants are not stirred and mixed in
the vessel. The Belousov Zhabotinski reaction was demonstrated ie.
the comple« oscillatory reaction, involving HBr02, By, Br03 and .

a redox coupling.(Ce IIT, Ce IVior Mn II MnIII, (Field and Noyes,
1974, or Winfree 1973).

(e) How can you show what goes on in a chemical reaction, given
an explanation (which was usually quite well understood) of relax
ation time and transit time for an activated complex?(The subjects

were encouraged to introduce more sophisticated models if they were
familiar with them).

(f) Given excerpts from Prigogine's work, what do you think
to the a ‘vated complex model? I+ it at all possible to assume
nec: to eyuilibrium thermodynamics. If not, how can you simulate

or demonstrate what go. s on? What is the price paid in "mathematical
complication"?

Design a system which is ‘ntelligible to a non mathematician.

(g) What is a molecule? Which energy in the system is kinetic,

and which is potential? What happens at really high or low temper-
atures?




' (h) How would you have benefitted from having the original

X simulator when you were in high school? (all subjects have done

) some physical chemistry, all have done a good deal of physics).

1 From having the advanced simulator you propose? Have you changed
your views on science as a result of this design task?

. Insofar as these comments or questions,convey ideas, directly,

s the results must be deemed unoriginal, but to the best of my knowledge,
H and contrary to my original belief these are the only substantial

i prompts originating solely in the experimenter.

The most obtrusive finding is a confirmation of the (earlier ¢
report) hypolhesis that abduction or analogy construction is the
dominant ,if not the only, means of innovation. The proposed mechanism

3 of abduction closely resembles the mechanism examined by Gordon (1968)

{ and his colleagues which is encouraged in their "synectics method"

; for design and management-situation creativity-training. It is an
imtial juxtapasition of different perspectives on a problem,either
by different people 1in a group or, more often, by one person. The
perspectives appear , initially as related but irreconcilable. The
disparity may or may not be resolved. If not, then an inconsistency

li or incoherence is recognised (and,as the experimenter,I tried to make
1 certain that the matter was not "simply dropped"). If coherence is
3 obtained then something has been discovered,though it may or may not

have particular relevance as a solution to the problem,

i

For example, in the problem of coupling units of the original
de<ign tcgether. '"Loeck at the input to the Black Box", and "Look
at the gutput from th~ Black Box" (which leads to an incoherency if
the reaction is reversible, unless the temperature,or one of the other
parameters is regarded as an input, which was not the intention).

err el g 4

Conversely, "Look at the environment of a molecule®, and "Look
< at the molecule from its surroundings"”, led to a very ingeneous colour
television display design which,although rather too costly in practice
is implementable (the design replaces relaxation times ie . the times
nee?ed for energy transfer by spatial contours in a neighbourhood
map).

The next findina is confirmed by the study of Section 5; Design-
ers who exhibit nove. Ly can continue to design fresh designs but
it takes many months to do so.

The designs produced are very varied and by any reasonable criterion
should be judged as innovative (whether they are successful innovations
or merely permissible inventions is an utt rly different matter) . At ’
one extreme ,there were complex simulations (1ike the case already
cited, of the temporal contours). At the other extreme, there is a
design containing a minimum of electronics or computation but students
are instructed to enact reactions (lawfully, however) regarding pairs
of students as molecules. This scheme, which struck me as particularly
inventive was later elaborated to a Tow frequency loop radio system
intended to detect rule disobedience.




As in other studies of problem formuiition and problem
solving,it was possible to observe a great deal of fixity with
respect to principles or underlying themes. Six of these themes
are obtrusive enough to be accounted (Table 1) . They are

(A) Scaling, the representation  f quantities so that,
for example, plnts of a 1st order and of a 2nd order
reaction are vi .ually distinct.

(B) Displav complexity. If on its own,thi. feature is con-
cerned with the elaborate presentation ot either macro

or micro Irvel variates . If combined with (C),below,

it represents a complex interaction ac control as well

as displar points.

(C) The Interactionist position; to be effective the design
must allow the student to modify parameters, initialise
or otherwise vary the course of events.

A systematic attempt was made to shift adherents of"(B)

i alone"to “(B) and (C)" using the valid argument, that any ".8. alone"
2 scheme could be implemented. w)th comparable effectiveness, but lower
cost,by a film or at any rate , a library of video tapes. It is an
interesting observation,which speaks more strongly than figures
for the dominance of rigidity or fixity effects, that without ex-
ception, this argument was taken at face value, but sidestepped;
these very intelligent design subiects doggedly pursue their

theme and spend great trouble in iabricating (factually, unten-
able) reasons for why their equipment cannot really be rgplaced

by film and tape. This is a clearcut issue on which it is poss-
ible to present a coaent and universal counte: -example, but to

do so does not have an influence upon behaviour.

(D) Emphasis upon elaborated mathematical apnroaches; for
example, the far from equilib»ium thermodynamics of Prigogine,
in which macro level variables are retained. Once again there
is tixity. These subjects do not contemplate (do not like,
find sympathetic to their tastes), the microstruct:re of a
reaction mechanism,

(E) Emphasis, often exclusive , upon the microstructure of
reactions. The simulat® s highlight molecular level events,
variables like concen ation are relegated to irrel -vance
and *"e interpretation of the design is the concrete process.

(F) Belief that the original simulation units can be assem-
bled together (on sensible, but often factuall, untenable,
grounds). Once set on this orientation, subjects will not
budge.

(G) A catch-all category containing the radical innovations
by analogy-construction or abductive methods.
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The stylistic profiles of the 17 subjects (conceptual
style test results) are shown in Table 2 and there is a signif-
icant positive correlation between the versatility score and
innovation.

Finally, the probing question (h) was used to obtain answers
in as much detail as possible,to how, if at all,subjects' design
experience had changed their views about reaction kinetics . There
is no point in tabulating the results, for without exception, the
subjects learned, at high school, nothing significant. They Tearned
rules and formulae, but did not have the remotest idea of what the
mumbo jumbo meant. Two subjects (two, that had used the formulae
in practice, in industry) had individually come to grips with their
meaning . With the (possible) exception of the cases noted all
the subjects finished the design task, with a full comprehension,
ie. they luarned by learning to think, do, and design, in the
area oi reaction kinetics.

Although the finding is of peripheral relevance, to the
immediate study, it does indicate the futility of most ritualistic
learning; it equips people to pass examinations, but that is
about all it does.

Tape from this study are preserved. Currently there are no
furds avaii.le for any really serious content analysis as this
would, unavoidably, be a costly business compared to a aross and
impressionistic overview of the type given in this report. Surely
however, a systematic, and quantitative analysis is possible,
and, in view of the earlier comments on the status of the data,
is likely to he worth performing.




Main Themes
A B c D E F G
Math. Chem.
Se:ling D play Interu macro Micro rarts  Other

1+ 1 0 1 1 0 0 0
2 0 ) 1 0 0 0
3 0 1 0 0 0 0 ‘
4 0 1 0 0 ] 0 1 %
5 ¢ 1 1 0 0 i 0
b « 1 0 1 0 1 1 0
7 n 0 0 1 0 1 0
8« i 1 0 1 0 1 0
9 1 1 0 0 0 0 1
10 0 0 1 1 0 1 0
M 1 0 1 0 1 1 0
12 0 0 0 1 0 1 !
13 0 " 1 1 0 0 0
14 ] 0 1 ¢ 1 0 0
15 1 0 0 1 1 0
16 # 0 0 1 0 0 1 0
17 ] 0 1 0 1 0 ]
Table 1. fstribution of main themes amongst subjects pavticipating

and considered to have adequately complete records. ‘ny
subject may contempl.te several themes at once, or on

different occasions. In ail, 17 subject records proved
complete enouah to suffice . Subjects from the first study

are marked by“




¢ Original  “ubject Conceptual Style Test
i number rumber Scores
- (exnerts.  {current
L unmirked  series) o _ e
" students
i marked |
by ) , N 0 c v
i“‘ -
L6t 1 81 72 76 52 %
! - 2 70 64 40 56 :
- 3 65 60 32 46 .
1 - 4 66 65 54 38 ;
‘ 3 5 | 75 74 49 47
1 4 6 58 63 62 25
: ' - 7 34 63 52 34
- 7 8 76 64 54 28
¥ - 9 ! 70 73 47 20
{ - 10 | 75 50 36 18
| .8 1 ! 70 46 59 45
] L 12 g 60 79 85 88
! |- 13 ; 60 6% 44 32
! - 14 ! 56 75 20 16
i - 15 | 7 56 59 56
1 1* 16 /2 57 67 47
C- 17 1 32 34 78 49
| Heans 62.8 6 53.8 41
SDs 13.7 11.4 16.5 17.3]

Table 2: Scores on test for conceptul style. Subjects
from prev us study are indicated at .ne
left togetner with number a:d type given
in Fi-al Scientific Report on F44620-76 ©-0003
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. Programming Task

The details of the task are outlined, comprehensively, in
Annexe 1 and Annexe 2, (the design brief and the programming manual
for the version of BASIC run on the LSI computer, together with
the machine language routines required to operate the A/D and D/A
convertors). Subjects could orient themselves more or less towards
the computer, as such (for example, by obtaining program printout,
numerical values of computed variables bv trial execution), or to-
wards the display and control console (Fig 1), which, apart from
the "run" or "start" button, (here, initiated on the computer), is
isomorphic to the original (hardware design study) simulator dis-
play (Fig 2).

A11 22 ~ubjects who started the task knew the outlines of
BASIC, and all received the Spy Ring History Test for conceptual
style. Partial results are available from most of these subjects
but c:ly 8 completed the t¢'k, over a period of between 5 weeks and
a couple of months. Some of the "drop out" subjects were unable to
visit the Taboratory and lost interest, but three "4rop outs", at
least, can be ascribed to lack of reasonably convenient appointments
when the equipment was available for use.

Because of these circumstances, the numerical results have
less value than they might. There is a 1% level significant positive
correlation between "rule inference" (the U score component nf the
operation learning score in the stylistic test),and an estimate of
programming facility. There appears to be a strong relation between
conceptual style and the type of programming used, in particular,
the extent :o which, in tackling the task, the subject did or did
not translate the program operation into display and control vari-
ables. The Comprehension Learning Scores and Versatility Scores
are both higher, for subjects who were display and control oriented,
though the increment is greater on Comprehension Learning. The
results are significant for the "Near Completing", subjects, at the
1% levei. The same difference is characteristic of the "Completing”
subjects but significance, in this case, is untestable.

In terms of (quaiitative) observation, and scrutiny of the
records, there are two dominant approaches to the design task. These
interact with two kirds of programming, namely, "making the display
and control system work", and "making an elegant , as well as brief
program".

The approaches to the task are comparable to the results
obtained in the design study, but it appears that the requirement
for the computation convert= the task, so far as several (at least
5),subjects are concerned, into a piece of mathematics. These sub-
jects spent several weeks to select (in fact) arbitrary, increment-
ation values, after which, they tried to interpret the operation of
their program.

_ The mathematically oriented, or abstract.approach also char-

act  ised some (I suspect , a smaller proportion) of the hardware sim-
ulator designer<. There is, however, one important differente. The
programming subjects in this category did, without exception, find

the design brief unsatisfactory.

9
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L enide

The hardware desiqners did not criticise the design brief,
and there is no reason to believe them at all unhappy with it.
Possibly, the difference is due to programmers' expectations. For
experienced programmers are accustomed to receive a much more process
determining specification from a system analyst, and these subjects,
at any rate, seemed to resent, or find alien, the requirement of
thinking about a real, rather than an artificial , process.

Other subjects. (certainly six of them, if near-to-completion
subjects are counted) took the interpretation , in terms of reaction
kinetics, as primary. In contrast to the others, they realised that
incremental changes in heat are arbitrary provided that changes occur
in the proper direction and the overall equation is satisfied . As
a result, these subjects soon wrOte programs to perform the (almost
trivial) computations and devoted a good deal of effort to scaling.
(Scaling also preoccupies some of the hardware designers).

Most of the program solutions to the design problem are
disappointingly pedestrian. if compared with the solutions proposed by
hardware designers, and the subjects seemed loath to exploit the

innovative potential of a computer.

For example, only one subject

produced a successful stochastic program which is quite easy (further,
quite appropriate) as the basis for a simulation and only one other
subject tried to do so (but gave up the attempt and offered a trivial
program in its place). No subjects tried another fairly obvious
trick, namely, to simulate an ensemble of systems and to couple them

together by a 1linking routine.

A pair nf competent , but uninventive, program listings are shown

in Fig 3 and in Fig 4.

. Trial | Debugging Radical Stylistic Test
Subject runs Sessions Modifications N 0 C Vv

1 1 60 65 47 54
2 88 L] 3 70 43 68 76
3 20 12 2 46 55 24 78
4 24 18 6 75 54 32 56
5 7 7 1 57 58 50 79
6 6 6 1 64 60 53 40
7 19 16 3 49 22 69 80
8 22 18 2 47 58 30 54
9 * 17 15 5 66 42 75 67
10* N 1 3 77 45 46 74
1=~ 9 8 0 66 60 35 29
12% 18 18 2 30 25 65 70

Means 58.9 48.9 49.5 63.1

SDs 13.2__13.3 16.3 15.9

Table 3: Overall Patt: n of activity and test scores. Subjgcts
m- -ed X did not complete to their own satisfaction.
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Y1000 LET SsK1e(MItL1)e(M21L2)sJ0

¥

N300 IF L1<>@ THEN 3072
3021 ' °T mi=z@

31
4PR
5G0o
6PR
7L
22
<0
S50
55
56
57
60
102

105 LET C=MmleM2
118 GOSUB 200
120 GOSUB aa

1

19¢ PRINT“END OF ONE WAY REACTION?*
208 STOP

a1}
ol

244 PRINT "M12",M1,"TEMP2", T1,"TIME=",1

245
246
247
248
249

258 PRINT “EXPECTED REACTION RATE",ABS(S-2)

251
252

255
256
257
258
2%9

268 STOP

99

100

182
182
104
106
107
108
109
118
110
11
1t
11
112

1122 LET EJ3=LJeZ

113
1S
116
17
118
1)

12¢

30000 IF 2<>@ THEN 2050

201
792
202
202

2028 STOP
2029 LET HO=H@+S+(01-02)

203
284
208
294
206

2066 CALLC6,H@B,6)

207

308
Joe

3088 LET M3s0 .

300
J08

3008 RETURN
#5008 PRINT“P1,P2" 1
$0@1 INPUT P1,P2

S882 PRINT“O1,02,T2" q ]‘,p“ ¢t b

500
See
5ae
Sae.

CALL(6,M1, 1) N . ,
253 CALLC6,M2,2) qﬁ"f’hj‘:z
254 CALL(6,M3, D) Concent

1062 PRINT"CONCENS A,B TOO LARGE" A a4 My fueb.
1003 STOP

3003 LET M2s9 ' i 4

SPRINT™M1,M2,M3,M4" WI"!. 1
SG87 INPUT M1,M2,M3,M4

F R$="0" THEN 6
INT“TW) WAY REACTION"

T AR ]

I ' “ONE WAY "EACTION" . 11osBLB
E1 HO*25500.5

LET J920.001 . pacs 15 B8ST >
GHSUA 5000 THid

GOSUB 3000 FROM OOFY
PRINT“SET INITIAL TEMP"

INPUT TO

LET rtata

PRI©  “M12',M1,"T@x", T, "TIMEs", 0

FOR [} TO 10000 4 Conbo! Teve

F (MI»r)e(M2>20) THEN 240

REM PRINTING CUR" NT VALUES OF CONCENTRATIONS,TIMF
REM ,REACTION RATE, EQUILLIBRIUM CONSTAT

PRINT"M23"*,M2

PRINT 'M3s*,M)

PRINT"MA= ", M0

PRINT *"OBSERVERVED KEQ",M1eM2/(MIeMa)
PRINT "EXPECTED KEQ*", K1/K2

PRINT"eevacccmncroan eececmsstccemesnssccenassansean®

s,

‘s

e
CALLC 6,Ma, &) Ormpr 7€
CALLC6,T1,S) Fieart INfouT.
CALLC6,HD, 6)
NEXT I
PRINT “END OF ITERATION®

REM INITIALIZING ALL METERS

1 IF (M1<255)«(M2<235) THEN 1020

2 LET DI oS

I LET D2=L2eS

® LET Mi=M1-D])

@ LET mM2=M2-D2

@ LET D3=L3sS

@ LET M32M3+D3

@ LET DA=L 4geS

@ LET MazMa+D4

5 IF R$=""" THEN 1220

O LET Z=r - 43tL3)e(M4atLA)eJO

S IF (M3<255)e(Ma<255) THEN 1120
6 PRINT"CONCENTRATION OF C,D TQO LARGE"™
O LET EaslL a7

@ LET Ma=Ma-E4

@ LET MJI2M3-E]

? LET E2 .22

B LET M2=MDe g2 o
@ LET ElsL1eZ .

T LET M1=M1+E}

@ RETURN

@ IF ns<>"@* THEN 2030 dgg"ﬁtc'“ 5”
@ LET a2ee ’

S IF (C-(M1+M2))»1 THEN 2838
TPRINT"STAJILITY sEOR"™

OLET GO2S+(Q1-02)/(M1+M2+MI+M4)

OLET Ti1sT1+GoO

@ LET K2=P2+EXP(-02/(8.314sT1))

@ LET K1sPI«EXP(-Q1/(B.3140T1))

5 REM ASSINGING VALUE OF HEAT IN/OUT TO METER NS.§

@ RET'.RN

2 L2¢>@ THEN 2004
4 1F L3¢>@ THEN J006

6 IF La<>d THEN J008
7 LET mMas9 1

3 INPUT ©1,92,72
4 PRINT"L1sL2,L3sL 4" . e e
S INPUT L1sL2,L3,L4 st 1

S0P GOSUR 6000 14

$9@¢9 RETURN oy ;
Y6000 FOR 121 Te S : rj-g 4 continudd

S CALL(6,8,1)




Design of an Intruder Alarm System

Can a good designer produce more essentially different des-
igns than a bad or mediocre designer? It is reasonable to imagine
that he might do so, given a reference task admitting (as most tasks
and non trivial problems do),a diversity of possible solutions . The
conjecture was voiced at Wright Field, and had some support from
experiments carried out in an adjacent campus of the State University of
Ohio. An ability to produce different but workable designs might -
even be used as a sensible criterion of whether a design is "good"
or "bad ".

Design of an intruder alarm system was chosen, after some
preliminary experimentation, as a task which permits a great deal of
variation; a problem with virtually unlimited solutions. The task also
has the advantage of providing an interesting job,which can be done
by any intelligent person without much dependence upon prior knowledge
(for example, of electronics or computer programming). The sensors,
detectors,etc., used to protect a premises are commonly nut together
by security firm "engineers", whose primary expertise is not so
much “engineering” (in the usual sense) as an appreciation of arch-
itecture, the requirements of a client , the habits of vandals, crim-
inals,or other intruders,and the hazards likely to be encountered. The
particular devices that may be connected together to form an alarm
system are, for the most part, compatible and they need only be
known as "Black Boxes" which perform a given function.

There is no need to know how these devices work provided some
critical characteristics are given” (for example, false alarm rate,
reliability, and sensitivity tc irrelevant changes in the environment).
Such data is readily assimilated or referenced in a manual and the
ingenuity of the designer is (at anv rate under the experimental con-
ditions employed) dependent upon how a system is put togetner and
whether or not it fits the requirements and cost limitations of
a client, given, as a reprequisite, that the system satisfies a
functional design brief.

A manual containing terse descriptions and characteristics
of the 23 devit s in Table A (detectors, such as magnet and reed-relay
sensor, capacityv sensors, infra-red-b~wm sensors, together with
alarm devic:s such as phone activating equipment, external bells)
are placed at the disposal of all subjects. The same 23 devices
were used in each experiment, none of them being inapplicable, tie. no

deliberately misleading or necessarily irrelevant "devices" were
included}.

Two experiments were carried out . In each case.a1l the
subjects were pretested to obtain a score profile on the stylistic
test, the mean scores being operation learning (rule application
or serial recall, with a subscore for rule application only), com-
prehension learnina (global recall and reconstruction), versatility
(ability to predict beyond the information provided). 'nd a neutral
score (overall fact retention,achieved by any means).

. In the first of the two experiments twenty six subjects,
(g1vgn the design brief) examined one premises at Sheen Road} in
Se551on.1, occupying (about, 21 hours. In Session 2, some days later,
the subjects construct intruder alarm designs to a high cost and




Miniature radio modulator
Smoke Sensor

Radio frequency responder
(power input and transmitter
and band sampling receiver)

Protected audio tape recorder
(voice key or signal to start)

Protected video tape recorder
(signal to start)

Alarm bell

Magnetic sensors

Pass Key switch

Pressure mats

Vibration contacts

Window Foil

Passive infra red detectors
Breaking glass detector
Solid state 999 diall r
Untrasonic intruder detector

Surve. :lance ~ ' cameras

Qutdoor microwave intrusion sensor
Untrasonic directional beam medule

Actuation buzzer

Inertia switches

Vibration contacts
Magnetic switches
Mortise deadlocks

Indoor microwave intrusion
sensors

Capacity sensors

Control Box (may contain and,
not, or, delay, count devices
as required and 7s one setting
unit with key and lamp indicat-
ing activation of system)

Microswitch contacts, for
doors and windows

Infra red directional sensor

Directional microphone, tuned
to ultrasonic region or no.

Directional infra red source

[Image convertnrr and lens
equipment

Table A:

List of devices available to subjects

in the context of the intruder alarm
task. Subjects are told that they can
request (as a manufactured product)

any other device they know of or any
device that is physically realisable

for productinn at a cost within the
Timts set by these devices (for example,
a solid state special numher dialling
equipment has been requested).
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a low cost criterion,as specified in the brief. At the end of
Session 1, they receive photographs (greatly reduced in Fig §),to
act as a recall cue from their experience in concrete reality, of
the premises;together with layout plans on which their design is
charted (Fig 6, again greatly reduced in size). At the end of
Session 2 these products are collected. The next Session, 3, is
devoted to examination of a geographically distinct premises but
essentjally the same design requirements, the cost limits

being scaled to minimise the difference (it was not practicable

to balance the subtasks engendered by different premises by reversing
this presentation order but, if anything, the premises viewed in
Session 3 is more difficult to protect adequately). At the end of
the session, layout plans are distributed and completed for delivery
in Section 4, which includes a recall test and questionnaire.

The main variables , in the first experiment, are an index |
of design quality, obtained by rating the properties of Table B, #
an index of design similarity based upon objectively determined
use of similar /different devices for similar /different purpose
in the configuration: The score profiles for conceptual styie Qné %he
designs as such. The rationalebehind the similarity measure is that al-
though subjects in Experiment 1 (from a training college) can hardly
be expected to continue thinking about a design over (say) several
weeks, we can elicit 2 cost different design for 2 different premises
and di- over the amount of variation between them. There is certainly
a2 strong tendency to stereotype, even though there are different
situations and costs; as a result,an index of similarity should be
high-valued (a repetition of methods) and we can be reasonably
confident that variations shownupby a lTow-valued similarity index
reflect a real tendency to diversity in design.Recalling that all
designs submitted must (and are prompted to) satisfy the minimal
brief,it is evident that such a tendency is not due to haphazard
products.

0f the 26 subjects 23 completed all the sessions but only 18
of these are included in the sample because it later turned out that
transgressions of the minimal brief had remained undetected in the
case of 5 subjects.

The other study, Experiment 2, employed the same briefing
materiais and device list but only one premises (Sheen Road), was
involved. However, in Experiment 2 the 11 subjects were graduate
students and had an opportunity to design at leisure and literally
to produce as many alternative designs as they could. They were
encouraged.in this pursuit by presenting , as part of their Seminar
series the solutions, (if reasonable) offered by other students
in the class. Here, in other words, it was possible to examine the
number of sensibly different designs provided at leisure, directly.

The results of these experiments are interesting , and often
contrary to expectation.

Experiment 1: The original hypotheses can be concisely stated.
Tt Was predicted that good designers as judged by design quality,
are also versatile. As a further hypothesis, that "good" (perhaps

versatile) or versatile (perhass "good") designers would have more
varied designs.
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Both of these plausible-by-previous work conjectures are
unsupported, if not denied,by the data.

The quality of designs, taken as a summation over the
desirable properties in Table 8, has no statistically significant
connection to any of the stylistic test scores.except fact retention
where there is a marginally significant correlation (nor, as a matter
of peripheral interest to scores on either the "embedded figures®
test or the quite different "AH5 test"). Nevertheless, there is a-
positive correlation, significant at or above the 5% level,between
one judge's scoring, from low cost to low cost design,and from high
cost to high cost design (over the 4 des1gns ) and between the judges.
Hence, there are no grounds for supposing that the value scoring
of designs fails to do what it was intended to do.

1

Again, contrary to expectation, there is a strong positive
correlation between varsatility score and design similarity,which
is the reverse of the prcdicted outcome. On the other ﬁana, there
is a strong positive correlation between the overall number of devices
(those listed in Table A) and the versatility score of a subject,
Similarly, there is a strong positive correlation between design sim-
ilarity and the comprehension learning score,on the stylistic test.

Dr Robinson and I were surprised by these results, particularly
since Robinson's observation of the subjects' behaviours appeared
to b in line with the original and quite different hypotheses,
Further , in the context of other tasks, involving planning and
design, the versatility score is an accurate and reliable (though far
from complete),indicator of general, inferential ability. Its
invdequacies are known; for example, it does not discriminate between
a'- uction/valid-analogy construction and other kinds of inductive/
deductive reasoning. It is surely desirable to make finer discrimin-
ations of this kind, but , it is also true that intruder alarm design
could and probably .does depend upon any or all of these different in-
ferential skilis)

Scrutiny of t e records and behaviour in greater detail supp-
orts the following hypotheses (which are not the simple ones posited
at the outset but are much more complex postulates compatible with
the original view).

Versatile subjects formulate and test their solution methods
to the design problem (use a consistent design philosophy), when
designing intruder alarm systems and this is bect done, during a 1im-
ited interval at any rate, by using @ large a number of devices
to perform similar functions . The devices ~mployed are changed from
design to design but there is a coherent pla» (usually,only one)
which is employed in each design and which accounts for the similarity
of designs, even though many different devices are used or tried out.
It is the common principle or type of solution to the design problem.
(not the type of device employed) which accounts for the fixity man-
ifest in the behaviours and similarity indices of these subjects.
Within this group of subjects, those with a high comprehension learning
score as well as high versatility, try n> use most devices (Table &)
Those with high operation learning score and high versatility produce
more similar designs. (Table 4).

20




intruder captured
intruder detected (and assumed to be
halted as a result of alarm signal)

intruder apprehended by system and intrusion

halted
intruder apprehended by system

e

intruder detected by system and intrusion

halted

Reliability or elegance (redundancy permitted but irrdevancy

False alarm probability calculated from "and" or else "or" connection
of devices with known false alarm signal frequency
Ease of access and priming system (from outside, given

Table B : The criteria employed in evaluating

-y

J

p

!

; —_

4 Vandalism /Petty theft :

i Vandalism/Petty t!eft :

{

3 Major theft:

[

v

Ef Espionage:

b Espionage:
{ that it is turned on)
ﬁ is discounted)
‘ Cost margin approximation to cost level).
|
i

designs

!

[~ |

21

|
i
|




Mi correlati o | canel o .
Minor correlations, showing consistency of scoring scheme, are:

Marks for de<inns on same premises
p1/D2 ro  .429

p3/n4 ry = . 560

D (Max)/D(Min) ro= .539

sig. at .0§
sig at  .0§

sig. at .0§

Design quality vs.

LS Component g Sig . level

0 0.22 NS

' 0.1 NS

C 0.32 NS

N 0.35 NS

Povion Siilaity os

LS o poneat C Sta, Tovel
S

0 AL 01

\Y . 567 05

> 107 N,
’13 n.s<

No. of Devives Used vs

LS Corponent ry Stg. Level
‘ c .621 .01

v n10 .05

N .401 .05

A} .421 n.s.

0 = Operation Learning, C = Comprehension Learning, N = Neutral
Retention, V = Versatility score, LS = Learning Style,

(Thus versatile operation learners produce similar designs; versatile

comprehension learners use more devices).

Table 4
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In contrast, another group of subjects is characterised by
apparently unplanned problem solving and do not seem to have an
appreciation of the issues involved in protecting a premises. Sub-
Jects in this group have Tow versatility scores and come up with
context specific designs, which differ a great deal from subtask
to subtask. There is a tendency,which is most prominent amongst
subjects with low comprehension learning scores, to employ the same
devices throughout; for example, reed-relays and magnets, even in
the high cost-1imit design, or UHF devices in the low cost schemes,
whatever, in fact, they have focussed attention upon, and become
familiar with at the outset. The designs hang together (insofar as
they are at all similar), chiefly because there are devices common
to each one,

To check these hypotheses a N Analysis (Atkin 1977a,1977b)
has been carried out to determine how, for each subject, devices
are related by designers and designs are related by devices (ie. a
structural Q analysis on the relation induced by designers upon
the Cartesian Product Device X Design, and the conjugate relation
on Designs x Devices).

Typical data are shown in Table 5, where, for reference in
the computer program which performs the Q analysis, 4 devices common
to each design have been omitted and the designs are coded as N10, N20,
N30, N40 . The statistical data is summarised in Table-6.

According to the revised hypothesis the value of the dimension
of a design simpiex in the simplical complex of the relation
induced on devices when a subject makes any design should correlate
positively,at teast with the versatility score and the comprehension
Tearning score,(the dimension number"Top-d'-may either depend upon
global appreciation or effective innovation or both). This should
also be true of the mean value of "bpq"as shown in Table & This
hypothesis is generally supported,although the correlations are
not significatn for ve satility score over the designs at Sheen Road
or for comprehension learning score for the Sheen Road high cost
design.

Similarly, Eccentricity (which is Atkin's index of topologic-
al irregularity) should, for each design,correlate negatively with
the operation learning score (a rule application skill) and to a lesser
extent , under the revised hypothesis, with comprehension learning

score and the versatility score. Again, this is generally true (Table
5) but the high cost design at Sheen Road and the other low cost des-

ign, are exceptional. However, the mean eccentricity does behave as
predicted.

There 1is no obvious reason why these design subtasks are
exceptional. From inspection of the data it Tooks as though there is
a beginning and ending type of Hawthorne Effect which may be res-
ponsible tor the peculiarities.

An Investigation of Individual Design

Several outstanding questions remain to be answered.
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1 0.25 4 7 0.33 6 6 0.4 28 0,17 1.33
2 0.25 9 6 8 7 0.29 30 0 0.43
3 0.5 5 4 0.25 6 2 0.75 17 0 1.33
4 0.4 8 3 0.33 4 6 0 19 0.4 1.33
5 0.67 4 3 0.33 3 2 0.33 12 0.5 1.50
6 0.5 8 4 4 5 0.25 21 0 1.25
7 0.75 6 5 0.5 4 3 0.25 18 1 2.5

8 1.0 5 4 0.67 3 4 0 16 0.25 1.00
9 0.25 4 4 0 5 6 0.2 19 0.4 0.75
10 1 7 3 0 3 3 0.33 i6 0 1.66
11 0.2 5 4 0.67 4 5 0 18 0.2 1.00
12 0.2 5 3 0.33 4 5 0 19 0.2 1.00
13 0.5 5 3 0 3 3 0 14 0.33 1.00
14 0 4 5 0.2 4 3 0.25 16 3 5.00
15 0.25 4 3 0 3 4 0 14 0.25 0.25

Table 5
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(a) Ecc 10 fcc 20 Ecc 30 Ecc 40  Mean Ecc
N « 0.155 0.203 -0.132 -0.388 -0.269
0 -0.403 -0.128 -0.146 -0.569 -0.585
C -0.146 0.107 0.064 -0.49 -0.129
v -0.419 0.218 0.069 -0.395 -0.446
(b) N 0 c v
Means 56.47 51.53 69.40 39.47
SDs 24.54 14.75 16.14 21.14
(c) : Dim 10 Dim 20 Dim 30 Dim 40 Q Over Ec Qmax
N 0.382 -0.095 0.156 0.273 0.287 -0.269 0.196
0 1.043 -0.030  n.346 0.375 0.353 -0.585 0.132
c 0.558 0.177 0.504 0.386 0.475 -0.129 0.462
) 0.106 0.7 0.627 0.507 0.518 -0.441 0.159
(d) 2 N = S o x
(8] (-]
£ £ £ = o w  F
N 0 C v < c 1= o =
Means $6.467 51.533 69.4 39.47 5.53 4.07 4.27 4.27 18.13 1.42 5.87
SDs  ?4.54 14.75 16.14 21,17 1.68 1.73 1.44 1.62 4,32 1.17  1.47

Table 6: (a) Rank correlations between scores on Test and the "“eccentricity"
values as well as the mean eccentricity.
(b) Mean< and standard deviations for test scores
(c) Rank correlation of divisions "Top Q" 25
(d) Means and standard deviations.




First of all, since there is every indication that the weighted
mean quality index is consistent, why does it not correlate with con-
ceptual style,or an informed,but intuitive, judgement of excellence
in design behaviour.

Next, do designers rated either "good" or "versatile"
(and ,if "good", then by what criterion) make more significantly diff-
erent designs or not,since the modification in the hypotheses
proposed for experiment!(just described). precludes any direct deter-
mination of whether or not subjects with a high versatility score
do produce more designs.

Experiment 2: Eleven subjects (a graduate class at Chelsea College

and a few unregistered students), were presented with the design brief
and the Sheen Road specifications. At some stage, early in the series,
each subject inspected the Sheen Road premises, in fact. A1l subjects
were provided with 25 copies of the layout charts and asked to produce
as many , non trivially different,designs as possible, for both of the
cost limits, to record under what circumstances and when they did so
and roughly how long it took to complete a satisfactory design.

A1l subjects had fairly high versatility scores but quite
varied operation learning scores and comprehension learning scores
on the test for conceptual style which had been administered (as a
routine part of the seminar series) before the design task was in-
troduced . Sensible designs were compared and contrasted at the
cseminars and criticised by the students and myself in terms of whether
or not it was possible to break in and whether or not they were
worth purchasing as real systems.

From the debate it soon became evident that given that the
design satisfies a brief the weighted mean of design quality is
neither a very sensitive or an appropriate criterion to employ;

a comment that applies to any index of the weighted mean type. A
design that satisfies a brief is judged according to varied criteria
all of which may belong to the original set and that are,in context,
of equal Tegitimacy . Under a cost constraint, generally,under the
acceptance of the principle that an absolutely fool-proof system is
impossible, all the desirable property values cannot be maximised
and the subset employed depends upon the design presented, as well
as the purchaser's view of the hazards (vandalism, theft, and
confidentiality loss, for example) . Any "good" design ("good" that
is,by judgement ),will have a fairly high quality value but this
value cannot be significantly incremented provided that only some

of the properties are highlighted in its theme. Notably, judging by
32 designs rated excellent,and 25 rated more-than brief- satisying,
there is no significant difference in the quality assigned to the
excellent designs and the acceptable designs.

Above a certain standard, which is approached but not reached
by satisfying the requirements of a brief, designs are judged, in
practice, by agreement between designer/user,or user/other user,and

not by consensus. In this respect the quality index is quite in-
sensitive. ‘




Further, it looks as though some designers can find an
unlimited number of solutions to the high cost design problem
(the low cost problem is much more restrictive,. there are
seldom more than two low cost designs and two are required).
This probably reflects onlv concentration upon the more interesting
and innovative task, so, as such, a result to be anticipated.
There are many ways of mak1ng a really elegant or really creative
design unless the device costs are modified and this study did
not (at any rate explicitly) focus upon novel devices although
a few were suggested.

It was possible, in seminar discussion, to refer back to

specific designs and roughly categorise the types of thinking
employed to devise them .

As might be expected, given the commentary upon leisurely
simulation design in Sertion 2, the dominant mode of innnvation
involves a juxtaposition of perspectives . By far the most common
juxtaposition is a perspective of an intruder and either the owner
or designer (ie. breaking “1hto your own or some other person's
system is an obvious expedient used by all subjects).

Another clearcut juxtaposition is the perspective of a staff
member and either the police or the owner (relevant to how easy it
is to price the system). These categories of juxtaposed perspect-
ives are counted as "Juxt" in Table 7 which shows , also, the scores
for each subject on the test for conceptual style. The category
"Compare design" may also include the juxtaposition of perspectives
which, if anything , strengthens the case in favour of juxtapos-
ition of perspectives -nd design by abductive reasoning. "Hunch"
is less determined; thinking described as "out of the blue" or
"nsight taking place suddenly when thinking of a different topic"

The cateqory "Perseveration" amounts to logical thinking, to
working 4t the consequences, or possible consequences, of an idea.

In all, 102 designs were produced. The number of designs
produced by any one subject varies greatly but one subject in the
group provided 20 designs and several subjects provided more than
10 of them.

A cognitive fixity effect, also noted,in the context of
simulator design in Section 2, is most readily exhibited by exam-
ining the number of devices that are used and the temperal progress
of thinking (deemed, by the subjects, relevant thinking) . An
attempt is made to show this in Table 8 which indicates also the
temporal distfibution of submitted designs. There are quite large
individual differences between the subjects but the most obtrusive
feature of Table 8 is a marked clustering of designs into periods
of fruitful creativity intersposed by periods of inactivity
This clustering may to some extent , be an artifact of the sem-
inars, but that is certainly not the whole story and the subjects
generally agreed to intermittency upon one or a few design prin-
ciples.

27




Subject N 0 C v Juxt. | Huch. {Compare| Per Number
design Designs
) 35 60 34 55 ) 6 1 ] 8
2 27 40 80 79 12 1 4 2 18
. 3 52 53 77 56 15 5 0 7 20
1 4 60 18 84 78 10 8 0 0 16
5 26 22 90 27 0 4 4 0 4
3 6 51 31 83 35 N 5 1 3 17
7 37 69 15 74 10 7 5 2 15
8 61 75 18 85 6 1 1 1 9
9 19 40 88 91 16 0 1 S 10
& 10 30 78 30 67 10 9 8 1 18
‘ 11 54 82 64 59 5 0 1 0 6
I Mean | 41.1 [51.6 |60.3 |64.2 | 96 | 45 | 26 |20 102
J SD 14,2 121.8 128.4 119.3
: Total{ 452 | 568 ( 663 | 706
!
ﬂ column_sums B
Table 7: Conceptual style test scores and categories of thinking
. reported by subjects (and referred to a particular
design as an illustration which is discussed). The
various categories are not exclusive (that is, several
kinds of thinking may be used in one design) but some
of the subjects are inclined to regard them as though
they were exclusive.
¢
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Table 8: A representation of progress in terms of cumulative
designs presented, mean number of devices in any
batch of designs presented at a given occasion, the
cumulative number of different devices employed in
all previous designs and the subject's estimated
hours of relevant thinking necessary, Four davices are,
as before, excluded.
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Another feature of Table 8 is that subjects who produced
many designs did eventually use nearly all of the devices in
one way or another. However, the periodic fixation on a group
of devices does support the hypothesis of the earlier study
(Section 4), that in systematic design devices are rearranged
to typify a princinle, until there is a radical change in
principle, bringing fresh devices into the picture in 3n organ-
ised manner.

Finally, Fig 7 and Fig 8 jointly support the hypothesis that
good designers can produce many different kinds of design, given
the opportunity to do so systematically,rather than haphazardly
and that subjects with high versatility scores are likely
to do so,(my own convictio ispossibly greater than the figures
warrant; but , for example, Subject 8 stopped desicning quite
sarly .in the study because of committment to other matters).
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INTRUDER ALARM_ SYSTEM

9-4-79 F.A . ROGATI

e U

(1} LiTROXICTION

this project concerns the desim 0f an intruder alam svsten
for System Research Ltd.., Ceveral desisns are submitted,

torether with thelr repregentation in e1tailment meshes and

also tne strategies employed.

Zamen
(1) Introduction
(2) Sperifications
(3 Iotruder Alars Devioces
(4) Initial Design Considerations
(5) Design I (a/b)
(6) Design 2 {a/d)
(§4] VYariety of Designe
(e) Oonolusion
(9) Intailment Meshes .......(end pocket)

(I) (2) and (3) materials given
to subjects as part of brief

(9) comprises figures as entail-
ment mesh

AVarm betd

AL Uil Paint,

M Ling Class Mot tor

Contiol it

|, RS

Py Vocks

fufia Red Pivectismal Soncur,
Infia-fed Tntreder Detector

Mignetic Contacts

EBlicrowitcins

Micrevare totindh e Detector (O dowr )
Hicres wve Tntivder Detector (Indoor)
Pase Kcy Suitch

Power Supplics

Pressure Mats

Tclephone Alarms {999 only £ Multi-mecsaue)
T Surveillance Camera

Ulttaronic Intrwler Betector
Vidration Bontacts

Vindos Nars & Gritles

Vindow Locks

Wircleas Aarm Sy toms

dar-ing Notice

Duany "elevision Camera Sut act’s additions
Poverful Lamp o st

Dusmy Ouard Dog

Dummy Night-watchaan

latticed Screen

Fig 7 Subject design materials !
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S 111 oticer

3.23) dagning loiice

v .ima8 ol o L e outiide of protected
presi ec tn uwr. a portivle fatrwler of @1t «r real or
imagigary alar o o1 oovitndal for exmnple:

{a) “Bevare, guard dop*,

(b) “television surveillaice in operation®,

(¢) “Auto-:tic alarm~--Police linked®,

2OS%L PEP N0tICe. . . .eisesasarsarenss £95,00

(3.24) [n~qr _“elevipion Zadcra
Ths e~pty outer s.ell Or car® O & 8 all .¢levigion camers '
"Iilues A realipeic apoearance of a televituioa survcilinice |
uystew 1o opscation, This may be fitted vith an anti-tanper ]
aevice,

lost; ner duav ty covera (wilinout anti-tanper device)...£5.50

- . - - (witn . - *)...L7,00 :

(%, Powerfnl Laip

o Pover a1l 1t 9w 42 orotests 2w c-an-led bean of 14 --ht,
It may be f1treC with a protective case or _rille, and also
1 Aantieta per device,

‘ost: por laap (with caze/erilM .. ... .................L10,00

{wi*h ~ar  crillet anti-tarper device),.f12.10

(3.28) [asticed Boreey

4 oollapeible or retractadble latticed screen, similasr to that
eurployed on many shop front#, may be locked in place in order
to deny access bdeyon: to any intruder. A pass key awitch
(Sect. 3.17) may be fitted 1o order to deactivate all intruder
alars derices fitted onto and/or bdeyond the latticed screen.
1o this way, only s “horieed personnel v'll be able to gain
access deyond the screem,

Cost: per SquAre Metre Of OCTesD ArO&..........c00.00...£3.00

" pass KOy BWIROR. ... ... eiiiiiiinanirinnaeiee. 28,00

Fig 8: Design details

(3.2°) oy ‘nart Do«
Tape-recorded bar-ing provider a realistic presence of a
miard do~, dhere 1ore than one do- 18 required, each
im¢ividual dag . iould he recorded O & repar~‘e track and
fed t7 a enarate loudrpeater fnr greatest realism, Zor
imilar rearo.c, !-1etural synchronization or correlstion
betwcen the various tracis should be avoided.
Cok*: per tape-recorder A one dog {11ctuding
avplifier, loudsneaker & nower unit)...........L2%.00
per tane-recorder * twn dngs (including

2 e~nlifierz,2 loudspeaters, * pover u=it)..,..L30.00

13.27) uamy Right-ystchuen

The preeence of a~ active night-~watchaan on hie rounds can de
simulated by switching on the lights in firct one room, and
then the next. The securi‘: rounda can be baced on either a
fized itinerary or a ra.dom itinerary as Teguired,
Purthertore, the cimulated moveme-t from room to room should
for~ & ~atural or realirtic sequence. Thua, for exsmaple, the
oight-watchman cannot be expected to move 100 metres §n a
fraction of a second. The whole process can be directed by
*he Control Unit (Sect. 1.4),

Cost: per dummy night-watchmmn..........vecuevenn....£25.00

w IRITIAL D

S19W_CON[DERATIONS
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(4.1) genersl Provecticn of ¥oodville Houge

70~ t.e sae of convenience, it will assumed ‘hat the cost
of the reueral alarm syrten (Spec. 10, Sect. 2.2) will be
chared by S-otem Research Ltd. and two other occupiere

(YOV Led, & XYZ Ltd.) only. ‘oncequently, it seems reasonable
that the ceneral alarm systrm rhould not only provide special
Protecticn for System Recearch Ltd., but mlao tha* TUV Ltd,
and XYZ Led. should be favoured to moae axtent with renpect
to the remaining occupiere, Purthermore, **‘= could prove s
u.eful strategy in ord-  ob*ain the participation of TgV

Led, and X°2 Ltd, in the first Place.

(4.2) 2aage Mlammg
false ainrmc fall into bamic categories ——~ “unacceptable®
and®acceptable? The . «'ceptable type can bust be described
38 8 false slares tha: iaconveniences or Annoys unnecessarily
€ither the police Or the neighbours. T™s nusber of such
false nlarns can de sininised quite easily by making it @
necesrary condition that at lewst two intruder detector
devicer be activated in order to rai.e an othervise
unaccedtable alarm,

“he azceptahle t:pe cn~ be bect described as a
falze alare that nei:qer ineonvens»rees ner « noys anydbody,
‘or example, suddenly i1lluminating tae courtyard with p
powerful laip rnnould cruse tne neighvoire little or no
digtarbance. llense tre activation of ounly one intruder
detector device chould be a sufficin.

't condition f:r raiming
W acceptable alara,

(<) DESIGN I (a/B)

(4.3) Eichi/Der Operatise

fhe cosbination of pass key svitch ané entry timer allows an
suthorised person to enter or lewve a protected premises
without setting off t.e corresponding intruder slars eystes.
)1so, the mction of the psss key switches the intruder alsrm

system from night-time to day-time operation and vice-versa.

(4,4) Grephicel Bepresentation
The grephical representation adopted in Pig.I14,15,27,28 1» :
(1) 29 = item no, 29, 1 off

2925 *» " * g °

5 x4t e - . 2;. ”.,h.u of s pair
(51} BT - .. 35, trenmsttter

“Ae * * , receiver

(113) ——=s = (irection of lemp/camera/aicrovave detector

(1v) znmx = latticed screen, plan view
1
4

(5.1) Degimm 1a/b) -:- Basic Srraresy
In this design, the problex is approached froe an ove-nll
point of view with respect to the intruders, On the orns hand,
an entailment merh is developed - the total natural threat
posed by the intruders to ;
{1) the offtces of Syetew Remearch Ltd.
{Dretgn 18 == Pig.9, i~ft half)
(11) Voodville Rouse in geperal
{Degign Ib --- Pig.12, left half)
Thie can be further expanded from the generglised entailment
meeh (Fig.I1) for each class of intruder,
Oa the other hand, another entailment mesh 1s
developed of the overall counter-threst directed at the

intrudere by the personnel and/or the intruder nlarm systes of @

(1) the offices of System Research Li4.
(Denian Ia —- P1g.9, right halr}
(11) Voodville Roume in general
(Design 1b ~-- *12.12, right half)
The counter-threat can be suddivided into :
(1 the threat of physical violence
e #. an attack by guard doge
(14) the threst of arrest
e.g. alerting the police before ringing alare bell.
Pinally, the required slare mystem (Design la - Pig.10,
Design Ib - Pig.13) can be deripgned dy sttempting to equate or
@|ateh the overall counter-threat to the - ~sponding total
natural threst (Design Is - Pig.9 / Deatgn Id - Pig.12). Inm

this way. 1t 10 hoped to reduce the final resultant threat to

a minimum Appron-hine pern,




(Dec1n la) FIG. 9 ‘

Piral Aesultant Thrent
Syemtern Recenrch Ltd. |
\fron all intruders ;

~

/ Total Natural Threat Total Counter-threat
| to Syetem deseerch Lid. 40 all intruderse
\ {row all intruders from Syctem Researcn Ltd.

Tounter=-threat
to all intruders
from personnel of
System Repearth Ltd,

Nasaural Tnreast
{ to Syetem Reeearch
© ltd. fro» thieves

‘.___r..._d

Pig.11

¥atural Thre
to Systea Reaearch
Ltd. frox vandale

Presence of all
other peraonnel of
Voodville House

Netural Threat
to Sveten Research
it1. ‘roa spirer

from intncter Alarm
~vpter (la) of
Svsten Research Lltd.

4 Counter - »3t
( to all ¢ mtere

Fig, 11

Pig.10

{imeipm 1a ¢ Ib) FIG.

*12.9/12

-~ ~.
latural inreat
tn tne preominec \
fros m rartimiar ;
ciazr of intruder L

Level nf in®-uder
intel]l “enzm

Level of rmpnmncﬂmr\
of intrider entry

V

te~hniques /
/’ Par 2o s antractn S Alteraative lacal
! 1nfepnrte s vhe ) ( ‘argets Y theyr degree
e atnpe J \ nf protesviorn
- -
— e

FiG 10

(Drgr1em 1n)

Pir. 9

Counter-threst

to al) intruders
from intruder alarm
system (1a) of
Systen Research Ltd.

i
|
i

Dist
(A, %)
4 = all ftems listed in Sect. 5. da(i) |
B * - . 4 " rooal1y)
Ca * - - B - " s,
A+BeC = " . " - " 5.3
. |
1= BeC B a AeC T » Asp |
AA = iteas A when co-opernnng mongn themnelvan
BB= * B "
Cow = € - " -
AB = * AB" . Jointly
AZ= " AcC® « i
BCa * B.C" " -
AR = AB and/or AT BD = AB and/or BZ
€T = AC and/or BC

{(de- nr 1b) FIG,

final Resultant Threat
ts doodville House
from all intmdere

Total Ratural Threat
to Woodville Bouse
from all intruders

to

Natural Threat
to doodville House
from thieven

Natural Threat
to Wondville Houne
from vandale

7 Nat:ral Threat
to Woodville House
from spies

Pig.11

" Total Counter-threat

{rom Voodville House

all intruders

Counter-threat
to all intruders
{from personnel of
¥oodville Rouee

Counter-threat
to all intruders

from intruder alare
syetem (Ib) of
Woodville Rouse

rig. 13
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yDerign Ib) FlG. 13 (Depign 1b) FlG. '3
i
! 1 Pig.12
g
: Counter-threat
q irmtole : to all in‘-uders
C » wll iteme listed in Sect, 5.4 ¢ ? :;‘.’:;"‘:;‘;’)”;f‘l"‘
) FPa. " - - - - " &b
i g . = " " " " » d(i),e{1),t ¥oodville Rouse
2. " - . - . ~oati),eldi) '
Xs= " - - " - IS EE PYIREEY)
CoPeSeTeX » "~ - " * * 5.8
{ -
A F = CeSen 1 T = CePeTeX
i
T = CoPesex T = CePeSer
'é PP » jtems P when cc-operating amongst themselves .
ss = - - » L] L] ! <
b\ e - 7 » - . . !
: IX = - X - -~ - » i;
. S " 7,8 * . jointly o
. PT s - rr " " "
! 3 = " r1 " s
§ts " §,7 * - . E
) $SI= * g1 " » -
i s * 1 " - . ! ¢
i
: #7 « IS and/or PT mnd/or FX :

¥ sSaprs sr sx ‘ i
3 - ! A
| Ferpr * s ~ t ¥
Xerpx * sx * 1 : 7
] h

L tFraps *» )
83F - 57 - sz ‘ 5
F l 4

t

[ ‘
{‘z ONONONED

Dist \(; Dimt
(s,8) i (r,9)

_J
—
. N ‘ee cmmm—— oo I T
; !
(5.3) Desion 1 -—— Partg List
(5.2) pesign la -— Descriptio " -
l1ten Ho, Juantity scription Cort
The basic layout for Design Ia is shown in Pig.I4 and itemized e
. 1 1 Warning Notice (Sect, 3.2%a) L 5%
in Sect. 5.3. The intruder alarm cvsteés Can be regarded ae a
2 1 - . (sect. 3.2%) £ 5.7
phyeically hierarchical eiructurs composed of the following
3 1 - - (Sec+, 3.23c) £ 5.00
lines of deterrent :
4 1 Durmy Tv Camera
{a) the firet line of deterrent is situated
(with anti-tamper devinc) £ 7.00
externally - iteme 1,2,3,4
1 A Pair Dummy Guard Dogs £ 30.00
(b) the se:~nd line of deterrent monitore the outer
6 1 Txternal Alarwm dell £ 35.00
shell of the Syetem Research offices - items
(with light % anti-tamper switch)
Tx2, 9218, 1322
7 2 Breaking Glane Detector (+ extras) L 52.00
(c) the third line of deterrent monitors the
8 I Pass Key Switch £ .00
general interior of the System Research offices - .
3 22 Magnetic Con*ac's £ 2c.00
itewes 10 x 2, 9 x 4 - !
10 2 Ultrasonic In‘ruder etector !
(4) the fourth line of deterrent provides the i
(range set at 3.5 metres mpnrox.) £ 20.00
apecial monitoring required by :
11 I Fover Bupily £ 35.00 i
(1) the filing cebinets - items 13 x IS
12 1 Telephone Alarm-1 (Sect. 3.18)
{11) the electronic equipment - items 13 x5
(with independent power sunply) £ 50,00 )
1f eny two of the adove intruder detector devices should bde i
‘ 13 40 Vibration Jontact £ 62,00 !
disturbed, the gummy guard dogs would be brought ioto action
i4 1 Control Unit (with extras t
imnediately. Simultrnecusly, the police would be slerted via
indivisually tailored lo-je:
1tem 12, Aowever, the alatm bell would not be rung until 20
Vaolta~e ‘heck © Tect Pactlitter
mirutes later in order to allov the police sufficient time to
Entry Tiwer
murprise the intruder,
DELAY (2" min-tes far Aalarn Sell)
The whnle system descridbed adove {8 in operation
OR {"accepta~te” Inlge ala:~a)
when the System Remearsh officer are clossd, fowever, during
A"D ("unazcep*a le"false alamg
business houra, only the first line of desterrent ie employed.
de} ax 3
Then, ‘he only sther deterrent is the pr of the per 1 clay betveen 2 tnprte & 1 honr) £ 50.00
I | | of Syeten Reneerch Ltd,, and to a leeser extent the other 3 s IOTAL . £444.7Q
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(141} XTZ Lrd, - {tems 27, 29 x § '

the £ifth line of de‘errent monitoret the interior

L]

cf ‘he latter three cffices :
(1) System Repearch Ltd. - items 0 x 2,
29 x &4
(41) TUV Ltd. - items 3C, 29 x €
“111) XY2 Ltd. - items 30, 29
{2} the sixth line of deterrent provides System
Research Ltd. with the special mc "~ “oring
required for :
{1) the f1ling cabine+s - items I3 x IS
(11) the electronic eq ipment - items 33 x 5
If any two o7 the mbove in’" :der detector d=vices should be
dieturbed, the dummy guard dogs would be drought .nto action
immediately. Simultansously, the police wou'' he alerted via
ites 32. Howsver, the two alarm bells would not be rung ur‘il
27 mtnutes later in order %o allovw the police smufficlent time
to murprise the intruder. The only exception to the above rule
ia that *he dinturbance of anv one microwave intruder d-tsctor
wrild be m sufficient condition fer raising the alarm,
Osherwise, an intrader could rafely enter the courtyard from
over she ranf-tops.

Purthermore, the mutual help aht- 1ed by ‘he total
interennnaction nf all the intruder detector Aevicer (Pir.13)
provides a total deterrent which . be cen~iderably greater
than the bacic deterren: provided werely by each alarm efyrtem
acting nlone :

basic deterrent = 83 &+ FF ¢« 2 & TT ¢ XX AR ¢

on front nfate

(5.4) Desimn Jb --- Descrioticn
The basic layout for Design Ib ie shown in Pig.I5 and Itemised
in Sect. 5.5. The apecial protection for Bystem Research lt4.
is basically the same as Design la. Thus, for example, the
asparate pass key svitch and entry timer ellow the personnel

of Systea Research Ltd. to enter and lesve their offices
indepandently of sll the other occupiers of ¥oodville Rouse.
Now, the personnel of TUV Ltd. and ITZ Ltd, sre each provided
with eimilear indepsodence - !teme 28 x 2, 36.

Purthermore, & fourth pass key svitch is fitted to
the front gate of Woodville House, and ¢ rry occupisr is lssued
with & suitable pass key, This pass key activates / desctivates
thoss intruder alstm devioes which protect Woodville Houss in
genersl, including the courtyard. The end result is that Design
Id hee three individual alars subsystems as well as s COmMON
or general clars sudsystem, The whole eystem cen be regarded
89 a hierarchical structure composed of the following lines
of dsterrent :

(a) the firet line of detorrent is situated

externally - stems 21, 22, 23
(b} the second line of deterrent monitors the front

of Woodville Rouse - iteas 29 x 5, 27 x 2, 24

(c) the third line of deterrent monitors the
courtyard of Woodville !lloure - ftems 24, 34, ¥5 x 2
(4) the fourth line of 4eterrent momitors the ocuter

shells of the offices of :
(1) System Research Ltd. - iteme 27 x 2,
24, 29 x 18, 33 1 20
(41) TUV Ltd. - {tema 27, 29 x 4,

total deterrent = 53 4 PP + C ¢ T7 + XX »
PS 4 3T + 5K+ PT +« FX + X ....(2)
The whole system deacribed sbove ir in operation when the
whole of Woodville ilouse ie clomed. During normal dbusiness
hours, only items 21, 22, 27, 24 x 3, are employed. Then,
the only other deterrent is the precence of the personnel of

Woodville House,

36
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5.9 ¢l ewe Parts Lise

Lier Mo, gancsacs acripting it ' ' ly
21 1 Ja.ning Botiee (Sest, %, 03y) £ 5.0 K ; i !
2 1 . © (Sect. 3.2%w) £ %00 e
3 .
g 23 1 - * (Sect. 3.70¢) 1 %00 et
- 2 3 Dummy Tv Cazera {+aati-taoper dev.} £ 21,00 i
t .
! o8 3 A Irir o7 lway Guard Dogs £ 50,00 Lo
25 2 sxternal Alare Bell T .
\ : 1
N (+ 11 bt & a,*1=~ tamner ruitch) £ 70.00
{ V -
a7 Prea:ing Glavr e-ecto- {4+ extras) £156.00 y
PESIGNIY
; 2n 4 Pasc ley Switch £ 32,00 —_—
E a2 39 Hagneti~ Contacte L 3%.00 .
Al 1 Ulewaruiit intruder Detector : §
AW
{range set at 3.5 metres 3.orox,) £1560.00 ' > n .
. o
31 1 Pow- Supuly £ 35.00 3 B !
el @ :
e 1 Tclephone Alamm-I (Sect, 3.16) o I .
= '
4 -
(+ trdependent power supply) £ %0.00 X : "~ l
. |
1t 40 Tinration lo-tact £ 60,00 e ! - i
‘!"J ] :
34 1 Dummy Nighrt-watchnan £ 25.00 . L ? I))'\ by :
. 3 ; - '
. 4 { 1 - ,
= - b o .
) 3 2 Microwave Intruder Detector (outdoor, R : § zg) i \‘ o o !
1 racve 20m, “er wid‘h (m, eztram ) £150.00 ' ﬁ, - .'.\ < 3 :
H ) oo . n 69 ":‘! . . :
¥ 1 Jon rl Unit (e ev'rar % lamic: . R . l “ar, k) =
B i o
&~ D
folta e lheck % Pest Jacilitie: ng L ‘e %
. ® o
14 e
4 Zotry Timers % lumay Hight-watchman . ar ™
. 30 . <o .
DILAY {20 minues for aiars belle) (zg 27 H v
] IR {muceptaslenfalie alarme) 4 [ i
. 8 6" . ! iz 12 9‘?,' '
XD {"unacceptavle” [olue alarmr, l ! T
- 1
i Sela beswesy 2 4 wit & 1 hour) £ 51,10 ~N).7 I t
. Wt .
"
o R N3] . ’s.q , !25 x } 29,
7 & y o 28i2y J 5 h s
21,22,23 — X ol ',’ X )
i . - A SN

(6.1) Desien 2(a/b) ——- Basic Birategy
in thie design, the prodlem is approached in a piecevise
manner from the point of view of the property that has to be
protected. An entallment mes* i developed of the total
danger to each class of property and the individual protection
required to reduce this danger to a minimum approaching sero
for the following premises :
(1) the officer ~? System Research Ltd.
(Depign 2a - Pig 76,17,18) ‘
{11) Woodville House in general !
(Design 2b - Pig.21,22,23,24)
The protection provided (Design 2a - Fig.20 / Design 2b - Pig.26)
prevents the intruder from reaching his goal by :
(1) aither physically preventing his passage
e.g. vindow dars/grilles
{11) or immediately alarming him into instant flight
e.g. suddenly being spot-lighted by a lanp.
Pinally, the required alarm rsynten (Design 28 - Pig.19 /
Deeign 2b - Pig,.25) can be designed by summing up the number
of devices required to satirfy the individual protectiom for
each clase of property. It nhould de noted that there may be )\
con-iderable overlap between any two groups of individual ‘
protection, This should be expln:ted i{n order to reduce systea

redundancy and system cost.
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FIG. 16

Pinal Remultant Danger
to filing cabineis, A,
from all intruders

./ fatural Danger

of filing cabinets,

Total Protection, P(A),
A,

tr f11ing cabinets, A,
‘*~a thieves

Pig.19

{ Katursl Danger

to filing cabinets, A,
froa vandals

Ratura. Danger
to filing cabinets, A,
from spies

FIG. 18

(Design 2a)

Final Resultani ° '\nger

to all other co- ~tm, C,
of Systems Research Ltd.
from all intruders

¥

/namral Danger Tota) Frotection, P(C),
| to 8ll other contents, C, of all ~ther contents, C
\ from thieves

Pir. 19

7 Reatural Danger
| to all other ~ontents, C,
\, fr-om vandals

tn 11 other contents, C,

Natural Danger )
( from rples
AN

)

(Deaien 2a)

FIG. 17

Pinal Resultant Danger
to electronic equipaent,
3, from all tntruders

Ratural Danger Total Protection, P(B),
to electronic equipment, of electronic equipment, B,
B, from thieves T

Pig.19

Batural Danger
40 electronic equipament,
B, fros vandals

Natural Danger
to electronic equipment,
B, from mpies

FIG.19

(Design 2e)

P(A) = total prctection of filing cabinets A
" "

P(B) = " electronic equipment B
P(C) = " " * all other contents C

pb = protection (total) by police alert & slarm ba}l, F1g.20(1)
PbAB = - of A¢p " " -

pbA = - of A .- - oo .
pbB = - of 3§ - - “ o B
poC = . of " - " o om "
PP = protection (total) dy physical prevention, Pig.20(11)
PPAR = " of A+B " " .

PPA = - of A " . "

PPB = . of B - " "

ppC = . of C . " -

im = protection (total) by illuminstion, Pig.20(111)
imAB = - of A+B " .

ek = . of A - "

imp = - of B - "

imC = " of C " -

pe = protection (total) by personnel, Pig.20(iv)
peAb = " of A¢B " "

ped = . of A . "

peB « " of B " "

peC = . of ¢ . -
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(Design 2a)

FIG. 19

Fi1G, 20

Pig.19

1te Alert & Alarm Bell

@g‘wy e
() (@) () (o0) ()

rMg.19

Physical Prevention

(11)

Liti)

(tv)

Personnel

Pereonnel of
System Reasarch Ltd,

Other Personnsl
of Wondville Hruse

FIG.20

{Design 2s)

a0 Ce
']

items
"

F
L NN

-4

e
S AR KA AR NN NN
(Y- RN -4
e m ey ...
LY X - N - ¥}
IR I I
I EERE R

FI1G.2!

(Design ?b)

all items listed in Sect.
"
-
.

6.2e
6.2
6.2¢c
6.2e
6.2¢
6.21

jointly

» 92wy

Pinal Resultant Danger
to System Repearch Ltd,,3,

from all intruders

vhan co—operuting a'onslt themselves

e

Natural Danger
to (yetem Research Ltd.,S,
frum thieves

Total Protection, P(8),

of Syates R--enréh btd..li;:>

Natural Danger
to System Research Lt4,,S,
from vandale

Natural Danger
to System Research Lt4,,83,
from epies

I

Pig.25
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{Design 2b) FIG. 22

/ Yinal Rerultn: ' "anger

{ tomv .7,
. . from a | intra'ere

-

Natural Denger %
to TV Ltd.,T,
from thieves

-

Fatural Denger
to TUV Ltd.,T,
from vandals

Satural Danger
to TOV Ltd.,T.
from spies

Total Protectinn, ¥ 7
of TUV Ind.,T,

1
P1g.25

// Natural Danger to rest

{Desimn 2t} F'G24

Pin=] Resultant Danger
rent of Woodville Houne, ¥,

g frem all intruders

to

of Woodville House, ¥,
from thieves

Htural Danger 4o rest
nf dnndville House, ¥,
‘rem vandals

e e e

Netural Dangar to rest
af Woodville '~upe, ¥, )
from spies Vi

e

e T S ——

(Design 20)

Katural Danger
to XYZ Ltd..X,
from thieves

Natural Danger
to XYZ Ltd. X,
froe vandals

¥atural Danger
to XYZ L*d..X,
from spies

FIG 23

Total Protection, P(Ww),
of rest of Woodville
Housme, W,

Pig.25

Pinal Resultant Danger
to XYZ Ltd.,X,
from sll intruders

of XYZ Ltd., X,

rig.25

(Design 2b) FI1G. 25

gymbols
P(S) = total protection of System Research Ltd.,S
MT) = " " " TUV Lid.,.T
P(X) = o " " X2 Ltd.,X
P(y) = " " the rest of Voodville Hous
pb = protection (total) by police alert & alarm bel
POSV = n of S+ " M "~ e .
poTIL = " of ™4X * e -
poS = " of § " - “« e . "
POT = - of T " " " w . n
pbX = d of X " " "« s = -
pbd = N of ¥ . - - - » -
PP = protection {(total) by phyeicel prevention,Pig.
ppSV = . of Se¥ * » -
pPPIX = . of T+Xx " . -
ppS = " of 8 » " -
ppT = - of T - - b
PRX = » of X » - -
Pp¥ = 0 of ¥ " - -
im = protsction (total) by illumination, Pig.26(111)
1a5¥ = - of S«v "
1eTX = " of T+X " "
im8 = - of 8 . .
ioT = " of T " -
imXx = " of X - "
tav = " of W - "
pe = protection (total) by personnel of Woodville H
peSV = - of 8+v " " " .
peTX = . of T¢Xx * " . -
pes = M of § - . . -
peT = " of T - . - -
pex = - of I L] L3 " -
peov = " of ¥ - - - -
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(Deaign 2b) F'G.25 (Decign 2b) F'G.26

Diet

Dist
(8,¥)

(S+W, T+X)

Syp00le
s = all items listed io Bect. 6.4a
Pig.21 Pig.24 Pig.22 Pig. 23 pon e M RS
cs » » "t s G4c
da " N " “ s goad
¢ " . - " b.de
ta » - LI T4
P - . s v G.ag
e ® - . » «  6.4n
3= " - . ~ . 643
ke * " - - e 6.4k
1« " - . " " 6.4
2= " . - " " 6uda
bb = items b when co-opersting amonget theaselves
ces * o " -
4d = G i
e = L] L]
17 = ? .
&8 = & -
hh = h .
- 3 -
. ki = 1 4 -
11 = 1 .
/| = . L
be = . jointly
bd = .
be = .
bl = R
bh . )
bk =
bm =
cd =
ce =
=
a
-
=
-
=
.
=
=
=
»
-
=
-
-
*
-
.

1% 222w e B33 3T LIRSS SI NSNS AR

7 3 8 238 33 3 83 38 1S9 P3N ISR EI VTR EESD
2 21 23 9 s B8 S 3NN ST T ITE PRSI EUNATS Ve VT
2 ¢ 8 381 8938 88283 ITTIEaeY s s YA LS 2SI

FOD MRN8 0ARARACIN0NNHDOTDOOO

PRBRERTERTRINTRABRDTHRODDINDHRAAO

(Design 2b) FIG. 26
(6.2) Design 28 ---Descriviion
The basic layout for Design 2a im shown in Pig.27 and itemised

Pig.25 in Sect. €.3. The intruder alarm system commences with two

lines of defence which are common to all the coutents of the
Police Alert & Alarw Bell |
System Resesrah offices :

(a) the first line of defence physically prevents

sntry - items 42,50

(b) the secoud line of defence deiects intruston
into the general interior of the Bystea Research
officee - items 45 x 22, 46 x 2, 43z 8

The filing cabinets are protected by two more lines of defence i

() the third line of defence physioally prevents
Passage to f11ing cedinets - items 43, 49 x 2

(4) the fourth line of defence detects any unsuthorised
tampering with the filing cadbinets - items 49 x 15.

The electronic equipment ie protected by two sisilar lines of

defence :
(1 (e} the third line of defenoce physically prevents

passage to the eslactronic equipment -~ items 4),
49 x 2

(£) the fourth lime of defence detects any unsuthorieed

tampering with the electronic eguipaent - items
(111) j Illusination 49 x 5
. Bquating the above with P1g.19,20, it can be ewen that @

P(A) > a+b etbeo+cc+chboecdeddsad.....(3)

r\n)>-‘h~bbou~noobou‘bfoﬁ.....(d)
P(C)}lobon reese(8)

, , .

o " - ..-._j




The *=" sign is raplaced by " > * becauss the total (c.3) mxm_au_-.—_zm;_m:

interconnection of all the intruder detector devices Ltem Mo, Quasnt,ty Description Cost
considerstly enhances the individual protection of any one 4L 1 External Alarm bell

class of property. (+ light & anti-tamper awitch) £ 35."
1f any one of the ahove intruder cetector devicem should be 42 1 Door Lock {+ pacr key switch) £ 20.00
disturbed, the front of the System Research offices would be 43 2 Lntticed 8creen (area = 7 eq. n.,
illuminated immediately by the poverful lamp. If any two of v par: key nwitch) £ 58,0¢

the sbove intruder deteotor devices should be disturbed, then 44 1 Powverful Lamn (inset in wall with

immediately the alara bell would be rung and the polioe front grille 7 an*i-taaper gevice) £ 12,00

alerted. It is hoped that the effect of the powerful lamp 45 22 Magnetic Contacte £ 22.00
and/or the alarm bell would shock most intruders into instant 46 2 Ultrasonic Intruder Detector

flight, (raage eet at 3.5 metres approx.) £ 80,00

The whole system described sbove Le¢ in operation when the 47 1 Power Supply £ 35,00
System Research offices are closed, However, during business 48 1 Tclephone Alarn-1 (Sect. 3.16) :
houre, the only lines of defence employed are (4),(f) and the (+ independent power supnly) £ 50,00 I
two locked latticed gcreens of (o) and (e), The disturbanoce 49 32 Vibration Contact £ 48,00

of any two intruder detector Asvices oontained io (d4) and (f) 50 indov Bare/Grilles

will immediately ring the alars bell and alert the polioe, (glaes area » 12 sq. m. approx) £ 18,00

The only other defence consista of the personnel of Systes 51 1 Control Unit (+ extrac & logic:

Research Ltd,, and to s leaser extent the other personnsl of Yoltage Check & Test Facilities

¥Yoodville House. The pase key svwitch of item 43 allows alarm- 3 Entry Timers

free access to the filing cabinets (or the electronic OR ("scceptable®falee alarms)

equipaent) by authorised personnel, AND (“unacceptable false alarme
,

' .my between 2 inputs & I hour) £ 50,00

TOTAL £428,00

! \ ' (6.4) Design 2b _-=- Description i
The dasic layout for Design 2b is shown in Pig. 28 and itemized
§n Sect. 6.5. The special protection for System Research Ltd. {

ie basically the same as in Desimn 2u.

141 - 41t B B B
bl
-
~

\ The offices of TUV Ltd, and XYZ Ltd. - an well ar those of

f
:

| \ \ System Research Ltd., ~ are each fitted with = separate pass

key ewiteh and entry timer. Thus, the personnel of each of the

above three offices can come a-° #n quite independently, doth

-
D

v

)

M
]

o
oL
iE
-

i

5
e . | ,? ‘ of each other and of anv other r ‘pier,
’ b i,':i . l \.! Purthermore, a pass key switch ie fitted to the front gate of
“ \f I:} { \ ¥oodville House. Bvery occupier is ispued with a suitable pass .
l' }s‘;; // E \ key in order to activate/deactivate thoese intruder slam
||: 45 l‘:j‘ l i ~ “ devices which only protect vYoodville House in general,
i,‘ / 5 .l!| - i ; N | including the courtyad. The and result is that Design 2b has i
,,: — _:P E ] . - 3 . g thres ind-pendent individual alarm sub-systems as vell an a ‘
oo !l,.- i [_ﬁ n uw goneral alars sub-rystem,
; ' " l ) g + Prow Sect. 6.2, the individuml protection for the Systes
l L ]I ) | ! - i:z Research offices can be restated in terms of Bect. 6.5 as :
K it ; '3 3’ (a) 1tems 62, 70
i SH " : E’ 3 () " 65222, 6622, Ix8
i; ‘ b ' g (o) " €3, 69122
. u - et b
!: :l: !-.. ; ,' (4) * 69218
|I i o ’ ,:;43 . i () ~ 63, 6322
5: ,.: T 45":;1 \, DES1oN () " 6325
., ‘—- . !50 \ The general protection of Woodville Fouse - common to all the
“ ‘: . }(l }: \\ .-[.Il ) E j‘ occupiers - conrists of two lines of defence :
| 2 f; i ’ J ( . i (g) the first line of defence physically prevents
\:: 45 . ',. | I entry from the main road - items 70 ‘

E 45 f;;ﬂr ; : ‘ ' s ‘I . , 2

;.‘; - A b i ] : Ju o _ﬂ
_____




(2) the secsnd Liae of Sefmse deteets latreaism
1510 e frens effiess eand conrtgart of Veadville
Bouse - toams 63 33, MM 22
The Ladividual pretectiicn for the sffiees of WY Lod. seasista
of (W 110 ol defemee
(3) she fires Lins of defenes payeically prevemts
®iry - iteme 62, YO
(k) she sevend 1ine of Sefence detecis Intrusice
180 Whe offless - ti@ms §3 1 6, 66
he 1ad1vidual protection foF the effiees of ITE Lid. aceeists
of swn lines of éofanes (1), () very siallar s (}), (N}
respucaively,
Bquatiag ths sbove with F15.75,26 Lt can be seen et |
KB)I D 6 cb ot obd o bl cavgu ook octododd
coeu b}
ceenl?)

vecsesc b st egorho
M R gedbomogoenemenn

!:V.-.'
LU WRE R

If =y ome of tis shove lmtruder detecior deviees should be

*l*m*m e

dietarted, the Wres powerful lmape wvemld e svitched se -
a4 1lluaisating the fromt of Syvten Ressarch Lid. and the
SWer 1ve e courtyard. (Mg.w),

If amy tve of the abeve iatrader Seteciar devices should da
2isturved, thes lamedistely both alarm bells would be rusg
and the police alerved.

1t 10 hoped that the effect of the powerful lampe and/or the
alarm Belle wouid shook moet Latruders imto jastant flight.
The mly exzeption to the latter rule 1o toat the disturbases

of any ome aicroweve 1otruder detector womld be mfficlent te

€5.) Degam v oo facte hiag

C} 2 irternal Alare seil £ 35.00

L figat T asti-tamper cwiten)

) gé L 60.00
—

© 2 Laciced Screco (arem = 7 9. 8.,

+ pas. 1ey swaten) € 58.00
4 3 Powerful Lamp (1nset 18 well with

frons grille ¢ anti-temper device) £ 36,00
) 39 Matneric Tsazacts £ 39.00
&6 . Ultresonic latrwder Detector

{remge set at 3.5 @etres appros.) £160.00
s7 1 Power wopply £ 3%.00
L 1 Teleptons Alare-] (Sect. 1.56)

(* Laucpendent power supply} £ %0.00
(2] 32 Vidratios Contact L .00
10 #indov Bere/drillee

(glass aree = 40 oq. n. approx.) £ 50.00
bt} 2 Vicerveve Intruder De-ector (extrss)

{ontdoor, ren<e 20w, beam vidth Se} £130,00
"2 T Pass Eey Switen s 0.0
iAl 1 Sontrol Umit {+ extres i lagic:

Yoltase Deck * Teat Pacilities
¢ Bntry Timers

Of {“scceptonle” false alnrws)
ASD {“unscceptssle” false slarms,

i nrerl £ %000

ptad VN 5 )

Lty Detween 2 1npute &

W e R e S

reise he alure. Othervise, an iatruder sould safely sater the
emriyard frea e rocf-tepa. Purthersere, the total
iatersenncetion of all the tatruder detecter 4wvices wmhas e
e 1adividual pretectien sf ary ems offise or item of
Preperyy. 1t 1o for this reasco that the *=* e1gn is repleced
Wt 1e seatiens (4,1,0,9).
Tue wols syetes dsaerived adove is Ln epersiisa when the
whole of Voedville Nouse ia olosed. Nowever, duriag sormal
busiaess hours the protection Le reduced te 1
{3) viadow bare/grilles tArwughomt Woodville Nowss
(13) the apesial protection for Systes Research Lud,
uriag dasinese hours (Seos, 6.2)

{t11) the perscomsl of ¥oodvilie Scuss,

APER1I03C'8 DPian ground ficor

.
coervyerd

S¥7, Smevn Rend.

FiG.28

(7.1) B

There are basically three ingredients which together constitute

the equation of thie particular project :

(1) the premises to be protected

(11) the intruders

(111) the total intruder nlars system - including the

pereonnel.

The correspoanding entailment mesh is shown in Pig.29, where

all possible interconnections are depicted. Immediately, it

(%]

is clear that the problem can be regarded from three ssparate

pointe of view which give rise to thres basic designs :

(1) Deaign I (Sect. 5) - from-the point of view of

the intruders

(11) Design 2 (Sect. 6) - from the point of view of

the unprotected premises

i

(111) Design 3 - from the point of view of the alamm

system,

(7.2) pAfferent Acorgachies

Bach of the above designs (Sect. 7.1) can dbe approached in at

least two different ways :

(1) an overall epproach, e.g. Design I (Sect. S).

This is equivalent to sclving one large alle

embrac.ng forwula, resulting in one total

solutinn (Pig.31,30)

(11) a piecewvise approsch, v.g. Design 2 (Sect. 6),

This is squivalent to solving & suaber of

0olleodion of individual solutioms (Pig.38,93).

maller aimultanecus equations, resulting in &
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P L aniiand o e o 2] T RREWIRE

Intruder
Alars
Systen

Unprotected
Premines

Design I
Design 2

Design 3

(Design Ib) FIG. 31

Pig.12

{Pormula for
(Woodville Ronn)

AN

Mg.1I Pig.11 Pig.11 Pig.13

(thieves) (vandsle) (spies) {total solution for)
(¥oodville House

rMg.9

(Porwula for
(Bystew Research Ltd. )

AR

rig.11 r1g.11 Pig.11 r1g.10
(thieves) (vandals) (spies) (total solution)

(for Bystes )
(Research Ltd. )

(Desigon 2a) FIG, 32
Pig.16 ?ig.17 Pig.10
(equation for) (eguation for) (equation for)
(£41ing ) (electronic ) (all other
(cabinets, A )} (equipwent, B) (contents, C )
Pig.19
individual loluﬁn-)
for A, B, C
i
t
!
PLg.20(1) Pig.20(11) ]
(police) {phyetoad
(& beln) (prevention
Pig.20{111) P1g.20(4v)
(11lumination) {pernonne))
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rig.2l Mg.22 rig.23 rig.24

{equation for) 2-10-:10«: for) (equation for) (equation for)

(Syetes ) 0¥ Ltd., 1) ( XYZ Led..X) (rest of
(Research ) (VWoodville ;
(Lea., 8 ) / (Bouse, ¥
rg.25
individual solutions)
tor 8, 7, X, ¥ )
’
Pig.26(1) Pig.26(11) Pig.26(141)
(pelice ) (phyeical ) (\1luminaticn)
(& della) (prevention)
FIG, 34

A = more complex alars function

#,0 » simple elars function

9,5,0,8,L,0,%,7 = intruder alars devices

1t should be noted that Pig.30,31,32,33 are serely dleek

diagrams - not entailment hes - which ¢

trase the
relationships betveen sarlier diagrams (Fig.9-13 end Pig.16-26).
Rowvever, it is interesting to nots the basio graphical
difference detween Fig.30,3i ané Pig,.32,33 :

(a) the overall approsch forss en hierarchiocal
struoture in the shape of b upright pyramid with
the all-embraocing formmla as the focal poiamt at
ite apexz,

(v) the piecevise approach places the oollection of
individual solutions st s centrsl focal point
with branches in all directions.

This tends to suggest that the plecewise approach is the less
Tigld etructure of the two - with greater intersoticn bdetween
all the parts. Pinally, it can be seen that tbe design prodlem
specified in Beot. 2 may be sclved in not serely thres, Wt as
least six differwnt ways.

(7.3) Yaziety of Intruder Alarm Deviges

Proa Sect. 7.2 s security consultant may chooss between six
solutions - analogous to six forms of softvare. Bowsver, there
exists an even greater varisty of hardware - for exsmple, the
intruder deteotor devices listed in Bect. 3 - with which to
implement the desired solution. A brief oonsideration of fu.
34 soon demonstrates that as the complexity of an intruder
aslars system increasea, so does the mumdber of possible ways of
implementing it. Thus, for exasple, the simple alarm functions

#,0 can each be descrided in only two ways - P1g.34(1) - and

the more complex alars function O in only one way. Bowever,
the end resalt is that A ocan be implemented in four ways -
Pig.34(41). Consequent.y, it can be seen that, for an
increasingly complex alars system, the pumber of poesidle
kardwvare implementations ia limited only by the total pumber
of possible useful ocomdbinstions of the various intruder slerm

devicses.
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Appendix 1 Design Brief




Design Brief

Introduction

You are to participate in a series of
experiments being carried out in order to
investigate individual differences in approach

and methods in electr-nics design. i

During the course of a number of design
sessions you are exnected to produce a working
prototype unit conforming to the design

specification.

During each design session you will be
observed by an experimenter and at intervals there
will be some discussion and analysis ~f the work

done.

As far as possible you should carry out
the design task as you would in your normal working
environment. You will be provided with a log book
in which you should keep a complete record of your
work.

The following materials are provided.

(a’ Design specification for an educa-
tional simulator to be used in an A level chemistry

course.




! (b) Relevant chemistry texts to provide

background information.

(¢c) Texts on electronic theory and 1
applications relevant to the design task (in the
red folder).

(d) Operating instructions for a special
purpose hybrid/analogue computer,the "Design
Laboratory' which is to be used to test the @

prototvpe design. &

If you feel that any of the materials or ;
facilities provided are inadequate or unduly
]

i restrictive, please say so. You are free to enter

into discussions with the experimenter at any time

i during the sessions.
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Design Specification

Summary

You are required to produce a circuit
design and working prototype for an educational
simulator to be used in an "A" lcvel chemistry
course. The simulator is to be used to illustrate
concepts in reaction kinetics and equilibrium.
Students should be able to use the simulator to
explore the behaviour of a reacting system under a
wide range of reaction conditions. Thr device should
also allow the teacher to set up specific problems
to be solved by students. The user display and
control interfaces should be given careful consid-
eration and you are expected to incorporate, in the
prototype, any user ccntrols which you consider

necessary.

You may assume that the unit is to be
monufactured using small scale production
facilities for a cost of approximately £200 per
device. You should take into account, at the
appropriat : stages in design, constraints relating
to the following factors: cost, size, and weight
(the unit is to be portable), ruggedness and
maintainability. Tr-1eoff between versatility of
the simulator, its reliability and cost are open

to discussion,

The cost is estimated in terms of modular
components given in the cos' table and the number
of modular intercinnections counted as those
established by plugging up oper~tions on the
front part of the design laboratory (these are
priced by the connection cost units in the cost
table).
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COST TABLFE

: Modular Components Cost
K (£ units)
' Integrator with Run/Reset/Hold modes
of operation and buffered output 3.5

] Analog multiplication module based on

XR2208 operational multiplier 5
%
' Analog division module based on .
XR2208 operational multiplier 5 i
3 Analog squaring module based on :
t, XR2:08 operational multiplier 5 3
E Summing/subtracting operational ﬁ
: amplifier 1.5 ‘
l Exponential function amplifier :
(antilog function) 5 !

Comparator 2

+ 15v power supply unit with + 10v

reference voltage outputs 15
4 pole 3 way rotary switch .D
Control potentiometer .5
10v display meter 5
Run/Hold/Reset cycle control module 2
Mndule intevrconnection cost .5
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Outline of Simulator Operation

The idealised form of a chemical
reaction is expressed by a so-called "Stoichiometric
Equation'". The underlying ideas are that chemical
molecules of different kinds (symbolised as A,B...)

react to produce other chemical molecules (symbolised

C,D,...) and that molecules are distinct entities
that combine in proportions denoted NA' NB N )
NC’ ND ... The reactions to be simulated have a

maximum of 2 reactants, A and B, and 2 products,
C and D. The reaction is represented by the
stoichiometric equation.

N, A + NB B =N

A C + ND D

C

Where NA’ NB’ NC’ ND are known as "stoichiometric

coefficients" which may take values O, 1, 2.

It is assumed that the reaction takes
place inside an insulated reaction vessel and that

there is no appreciable volume change,

Chemical reactions involve thermal
energy changes (heat is produced by the reaction
or heat is required by the reaction for it to
proceed). Hence the temperature inside the reaction
vessel will usually change. However, it would be
possible to maintain a predetermined temperature
by the action of a thermostat, which should form
in optional (used or not used) part of the

simulator.
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In reality there are vast numbers of
molecules of type A, B, C, D, and it is possible
to determine their concentration or amount per
unit volume which is symbolised by /A7, [B7, [&7,
[b]. For the simulator the front panel meters
display the concentrations of reactants and
products, the temperature, and the amount of heat
removed from or supplied to the system by the
thermostat.

Typically, th - student will be inrvesti-
gating the following features of the reaction

(n) Reaction Profiles: Plotting graphs of

concentration versus time for reactants and/or
products. measuring reaction rate.

(b) Reaction Order, Rate Expression,

Rate Constant: Determining (or verifying) reaction

order by using various graphical techniques,
determining the rate evnressinn and rate ronstant

for a reaction.

(c) Rate of Reaction and Temperature:

Investigating the way in which rea~tion rate varies
with temperature. Determining values of (yet to be
specified gquantities) 'activation energy' and
'frequenrcy factor' from graphs and interpreting
these quantities in terms of theoretical models for
a reaction.
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(d) Equilibrium Constants: Determining

equilibrium constants for a reversible reaction,
generally exploring the properties of the

equilibrium state. Examining the relationship g
between equilibrium constant and temperature and

the overall energy change for the reaction

("enthalpy change', in the literature).

The student is also to be encouraged to
E consider the overall relationships between macro-~ i

scopic and microscopic properties of a reacting '
l{ system and to suggest possible mechanisms and
if models for the simulated reactions.

g The simulator is to have the following .

mode controls

Reset: Initial concentrations, temperature etc may

be set using the controls on the display panel.

Run: The simulated reaction takes place. The time

scnale is arbitrary but should allow the student

g sufficient time to take a series of meter readings
' for the purpose of plotting graphs. The time scale
should also be chosen so that equilibrium
conditions are established reasonably rapidly.

Hold: At any time during the course of a reaction

the reaction may be halted and meter readings
Z compared .
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Detailed Specification

Stoichiomc try and Rate of Reaction

The idealised form of a reaction is given
by a "stoichiometric equation'. The general
"stoichiometric equation" for the simulated
reaction is

NAA + NBB = NCD + NDD

Where NA .. ND may take values O, 1, 2 with the
restriction that the com“inations of values

" - = " " = = "

NA = 2 and NB 2" or NC 2 and ND 2" are not
allowed (a simulator limitation).

The rate of reaction may be defined in
such a way that it does not depend on the substance
chosen to express the rate

[o))

Rate = 1 d 7 =1 d/MD =-1d/A) =
C —at Np & Ny 3%

(Recall that the bracketed terms represent
concentrations of reactants or products, ie. amount
of substance per unit volume (the units used in the
text material is mol dm_l)),

Plots of concentration versus time for
a reaction are known as reaction profiles (Fig Al).
One method of determining reaction rate at a given

instant is to measure the slope of a tangent to the
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[A] (volts)

10

A 9B+ C

1st order reaction

d [A] = - KF [A]
dt

R

Concentration

m; o, [l

Ko = 1.0v

v - v v b

20 40 60 80 100 120 140

Time (seconds)

Fig Al: Graphs of simulator performance (1lst
order reaction) obtained during scaling
tests and performance evaluation.
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i reaction profile curve.

\ Reactions that go in one direction

In an idealised world some reactions go 3
: in ones direction only; for example, their form can
be expressed by NAA + NBB - products, Again in
an ideralised world the rate of a one directional
reaction (conventionally,a "forward" reaction) can
be expressed as a function of concentration(s) of
the form

e vt
PR ab

A \'
Ahp'= KF [A] A [B] B

For a reaction with stoichiometry

P

Ty A

B —> products

¥ NAA + NB K

Where A F= forward reaction rate

[A] [B] = concentrations of products '
KF = forward rate constant
VA = "order of the reaction'" with respect
{ to A
i VB = "order of the reaction" with respect
J to B

! Vi and VB are normally integers with
5 values O, 1 or 2.

The sum V, + VB is known as the (overall)
P "Reaction Order”.

The simulator is deliberately restricted
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to accept only integer values of order coefficients:

For any simulated reaction VA = NA and
VB = NB’ ie. the order of the reac ion with respect
of any reactant is equal to the stoichiometric
coefficient for that reactant. This restriction
means that all simulated reactions are 'elementary
reactions', ie. occur in a single step. No real
reactions conform to this restriction and it is a
useful approximation for only a few of them used

for demonstrations. lowever, the notion is useful

(a) Because a suitably connected array of
simulations would approximate the truth, and

(b) Because the expedient of writing
equations of other than integral order permits a
mathematical rate prediction (which has no direct
physical interpretation) that is, all the same,
quite accurate. The mathematics is best learned
as mathematics. Chemists have a confusing brand of
double talk in which V,. V ... are ''reaction

A B’

orders' distinct from NA’ NB ... "the number of

molecules involved'.

The rate equation for a reaction may be
written in differential form (using the definition
of rate given above). In many cases the differential
rate equation can be solved to give an integrated
rate equation which gives an expression for

concentration as a function of time. For example




b

A —>» products
B EEEZ = Ko [A] Diff. Equation
dt

In /A7 - In jA] = t Integrated Equation
)

or ¢- afa] = K [AJ? Diff. Equation
dt
1 - 1 = KF t Integrated Equation
YA VA

A + B —» products

- d/A] = K [A] m] Diff. Equation

dt
1 ( In [B]O - In [B] )
(/a7 - m] ¢ ) - g ¢ Int.
[‘70 [ ° g [A]O [A7 g “r Equation

In many cases reaction order can be most
easily verified by plotting a graph which should
be lir~—ar according to the integrated r te

equation (l'ig AZ2).

Reversible Reactions

No real reaction proceeds always (under
all conditions) in one direction only. Very often
the approximation is too unrealistic and the
simulator is to be capable of demonstrating the

dynamics of reactions in which both forward and




A +» B+ C
1st order

d [A/ = -KF [A]
dt

.

Integrated plot:
Ln fA] = Ln [A]O -Kpt

— v . e | L] 5l

0 20 40 60 80 100 120 140 t
secs

Fig A2: linearisation of 1lst order reaction




i reverse reactions occur (there are forward and

& reverse rates PN F and>\ R; there are forward and

| reverse rate constants KF and KR)' For the general
i reaction

N

—n
! AA + NBB N,.D + NDD

= °C

L Forward Rate Expression

Np = Kp 7% a7

)‘F = forward rate

! KF = forward rate constant

Ny

N = stoichiometric coefficients
B

Reverse Rate ExXpression

Ng =k, orte p7p
>\R = reverse rate

KR = reverse rate constant

Z
@

e Nt et Nt Nt

= stoichiometric coefficients

Ny
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Net Rate : )‘net = AF - XR

)\ net

-1 d/A] = -1 d/B] =1 4] =1 4/
Ny 5t N 3 N @@ Y a3

Equilibrium constant and A H (enthalpy change
in the literature).

At equilibrium :-

Forward rate = reverse rate

Ky ma mNe = K, [7°C 7%

Kp rere w7t

Kr s m7Ns

This agre~s with the "equilibrium law" which states
that for a reaction with the stoichiometry

NAA + NBB = NCC + NDD

The equilibrium constant, Keq = [C]NC [D]ND

oIy Vs

Variation of Rate Constant with Temperature

The rate constant for a reaction is

normally related to temperature by an expression
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known as the Arrhenius Equation : r

by
&; For a forward reaction g
- LF
RT '
< = s 1
hF AF( .
o
Where KF = forward rate constant 3
3
2 14
w AF = forward 'frequency factor’ k
. *
9 EF = forward 'activation energy'
3
{ R = gas constant

T = temperature (OK)

The equation may also be written

*
In kF = In AF - EF

RT

For a revrrse reaction
*

! " P
f RT
| KR = ARe
k
K
q Where KR = reverse rate constant
AR = reverse 'frequency factor'’
* »
ER = reverse 'activation energy'’
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A .

R gas constant i

T = temperature
the equat on may also be written b
*
In K, = In A - E

R R R

R 4

The parameters A and E* may be related
(rather tenuously) to 'coullision'models for reacting

molecul~s in which T 1is the mean kinetic energy.

For a given reaction it is assumed that
* *
AF and AR’ EF and ER are constant but the
simulator must be capable of simulating reactions

with a range of valuc : for A and E*,
However, we do not assume that KF and KR

necessarily change in the same way for any change

of t.mperature as below.

Energetic Changes in a Reaction Vessel

The picture of chemical reactions painted
for an A level student is certainly incomplete,
but is adequate, in special cases at any rate, to
bring the energe®ic changes that occur as a result of,
or as a prerequisite for, chemical reactions which are in

register with classical thermodynamics.
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Roughly, the reaction vessel contains
molecules of reactants and products in motion.
Chemical reactions involve the making and breaking
of (covalent) bonds between these atoms, of which
these molecules are made up with the caveat that
in order to react it is at least necessary that
reactant molecules are in the same region of space.
In general, bond breaking gives out thermal energy
as heat, bond making absorbs thermal energy; the
mean kinetic energy of the entire system of
molecules is given by the (absolute) temperature.
If heat is given out as an overall result of a
reaction it is exothermic ( A H is negative), if
heat is absorbed the reaction is endothermic ( A H
is positive) and there is a possibility of overall

balance ( A H is zero); so the convention goes.

The total energy may be partitioned in
various ways into kinetic and potential components
(the potential cocmponent being associated with an
organised configuration, for ex mple, of a molecu ).
However, since reactions take place, the
distribution is not static. Moreover, the molecules,
even if not reacting, can be said to have various
varieties of dynamic bond energy (the bonds have
vibrational, rotational, energies and the like).

In principle, however, we may plot an abstract
surface of minimal potential energy for the system,
and if projected onto a line this surface is called
the '"reaction coordi:ate" (it is the otherwise
mysterious horizontal axis in pictures like Fig A3,

representing the overall energetics of a reaction;
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the plot of en: rgy (F) verticallyagain:.t this
mysterious Tre-aotion coordinate).

k.
’:.
P

The frequency factorSAF, AR’ of a
reaction do, roughly, represent the frequency of
collision between molecules; with slightly greater . f
verisimilitude the frequency with whickh molecules of
reactant are in a condition to react, ie. spend long

enougn time in close proximity to exchange energy
(given the relaxal ion times of the rotational

and vibrational kinds of energy, as well as their
energy of motion), to form a complex which is
transitional (an "activated complex' in the
literature). Similarly, the activation energies

EF*’ ER* refer to the additional energy molecules

of reactant must have in order to form an "activated
complex' and possibly react . Recall that "collision"
(ie. "being in the same neighbourhood”) is a

prerequisite for rcaction; it does not guarantee

a reaction. .

Students are required to demonstrate and
to model the heat (enthalpy) change for reactions
at a given temperature.Thus the HEAT IN/OUT meter

should indicate, in the right sense (but with arbitrary
but reasonable scaling) the amount of heat removed from
or supplied to the reaction vessel during thermo-
statically controlled (constant temperature) reactions.
The temperature display indicates the absolute
tcuperature of the reaction vessel. For reactions
carried out with the '"thermostat off' the temperature
display should indicate, again in the right sense

but with arbitrary scaling, the chnnge of temperature

inside the reaction vessel due to the enthalpy

|

change for the reaction.

The enthalpy change for the reaction is
defined as follows.
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Energy
of re-
actants

products

Reaction Coord-
inate

(ie. the mysterious
projection of the
potential energy

i surface for the

‘ reaction)

Fig A3: Typical Energy Barrier Picture




[} H (at temp. T) = "The amount of heating or
cooling done by a thermostat
in order to compensate for
either (a) heat absorption by
an endothermic reaction (in
bond formation), or (b) the
heat emitted in an exothermic
reaction (by bond bhreaking).

Where A H is given, graphically, as a

difference in Fig A3.

1
*
I3
!
f
1
i
3
L]
]
:
b
ki

|

I A S ¢

“ome Classical Thermodynamic Considerations

The free energy change of a reaction,
D G, is obtained (if there are means for
r determining the entropy change of a reaction, as a
well specified change in organisation of the overall

A - = in
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system) from the tewperature, T, and the enthalpy
change D 1. Thus

An-1 As

Enthalpy change as

Change in Free Energy Z&G
where A H

before

Py e AN

A S

Change in enthalpy
of entire system

T = Absolute temperature,
as before
Usefully, the relationship between the
Equilibrium Constant Ke and the absolute

temperature is given in terms of Zl G. Thus

A G = -RT Log Keq

Since the simulator is restricted to
elementary reactions the relationship between

K and temp may be derived as follows :-

eq
E*
UF
R T
« - °F I (Arrhenius
“eq > functions for
K -E forward and
R R N
T reverse rate
constant)
AR e
therefore
A E_-E
ink =1in F - E§g-Eg)
eq
AR RT
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* *
But E , - E p = D H (Fig- A3), the enthalpy change

for the reaction.

Therefore : A l&li

Ln Keq = Lin -
A

R RT
and students are required to investigate the
variation of K,k with T, and the variation of rate
constant with T us defined by the Arrhenius function
(Figs A4 and A5).
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Rate 10 1
Constant
K

volts

-E %
2
1 .

Y T ! ' D

7.0 7.2 7.4 7.6 7.8 8.0 Temp. (volts)
Fig A4: Variation of rate constant with

temperature (any reasonable scaling)
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Log K

-4 1

Fig A5: Arrhenius Function linearisation

(log rate constant VS. temperature
inverse)
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Interconnection of Simulations to Simulate Complex

Reactions

At a later stage in the project we plan #
to extend the simulation of reactions to include {
'complex' reactions, ie. reactions occurring as a
combination of elementary reactions in parallel
and/or series. This is to be achieved by the inter-
connection of a number of the type of simulator it
described in this specification. When simulations

are interconnected the resulting system should ﬁ
exhibit more complex rate equations typical of many 4
non-elementary chemical reactions.

B il

The simulator design should, therefore,

incorporate a means of connecting with other

[ = —

simulators in a‘'series/parallel arrangement. It is
intended that the simulated complex reaction should

take place in a reaction vessel with a single

EE 2 e vy - 2

thermostatic temperature control, ie. only one
thermostat and display will be required. Impedance
and voltage level standards are open to discussion.

Programming

The production model of the simulator
should be capable of being programmed with values
of stoichiometric coefficients. Arrhenius para-
meters etc using a plug in card or similar device.
This is intended to alliow the teacher to set up
specific problems on the simulator. The physical

’

7




means for programming the simulator need not he
incorporated in t! » prototype but the designer

should take the programmability requirement into ) }

account where appropriate in the circuit design.

Simulator Controls and Displays

You are provided with a panel containing
most of the essential displays and controls

Concentration Meters: Display values of concentra-
1 tion for reactants A, B and products C, D.

Stoichiometric Coefficients: LEDs indicating pre-

set values of stoichiometric coefficients

Ny, Ng, No, M.

Temperature: Indicates temperature of reaction

vessel (OK). The range of temperatures display~d
by the meter is to be specified as part of the
design. If the thermostat switch is in the 'ON'

position, the temperature is to remain reasonably
constant. If the thermostat is switched off the
temperature should change in the appropriate

T

direction as the reaction proceeds. The temperature

-

may be an arbitrary function of extent of reaction

oo Ak

provided the temperature increases if the reaction
is exothermic and decreases if the reaction is
endothermic.
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Heat IN/OUT: When the reaction temperature is

thermostatically controlled heat will be removed ‘ f
from the reaction vessel or supplied depending on .
whether the reaction is exothermic or endothermic. ‘
Again, the amount of heat may be an arbitrary i

function of extent of reaction.

Set Initial Concentrations: Controls which allow

initial values of reactant and/or product concentra-
tions to bhe established when the simulator is in :
1 the reset mode. i

“ Add Reactant A, Remove Product C: These push F
buttons simulate the effect of adding more
reactant A or removing some of product C while the ‘

reaction is taking place. This facility is useful
for demonstratiﬁg the tendency of a reaction at
equilibrium to return to equilibrium (v ith the
same value of Keq) if the equilibrium is disturbed.

Reset, Run, Hold: Controls on the lower panel of the

analogue computer unit. These switches contrel the

mode oi operation of the integrated circuits.

Stoichiometric coefficients: Four rotary switches

; on the lower panel labelled NA’ NB’ NC’ ND'

X Additional Controls/Displays

In addition to the displays and controls
provided, the prototype simulator should incorporate
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the following controls

(a) Arrhenius Function Parameters:
*
h Potentiometers to establish values of A and E for

forward and reverse reactions.

(b) Switches which allow the rate constants
to be set manually (using potentiometers) or

1 computed using the Arrhenius equation.

’ (c) Monitoring sockets: Forward and

reverse rate constants,[\H.

& Any additional controls or monitoring
sockets considered useful, either to the potential

user or to facilitate simulator testing, should be

X included in the'proto1ype.

Performance Requirements

It is difficult to quantify the require-
) ments for simulator ccuracy needed to produce an
# effective tutorial device. Accordingly, the follow-

ing performance guidelines are provided

(a) Given input parameters set to produce
3 an nth order reaction a graph of concentration of a
reactant or produce versus time shculd give the
appropriate reaction profile. The order of the
reaction as determined by the use of either the

74




integrated rate equation or the initial rates method

should be unmistakeably nth order.

(b) For any given setting of ingut
parameters the value(s) obtained for the rate

constant (from graphs) should be predictable and
repeatable.

(c) The rate constant should approximately
double for every 10° Kelvin rise in temperature

and plots of Log. (rate constant) vs (Temp)_1 should
be linear.

(d) If the Activation Energy parameter,
foi either forward (E*F) or reverse reactions
(E R), is increased then the rate constant (KF or
KR) should decréase.

(e) If the frequency factor AF (for the
forward reaction); AR (for the reverse action); is
increased then KF or KR should increase.

(f) 1f E*F <.E*R then the enthalpy change
for the reaction ( A H = B - E*R) is negative

F
and the reaction is exothermic.

* *
It E F>E R then the enthalpy change is
per:itive and the reaction is endothermic.

(g) Observed values of the equilibrium
constant for a reaction should agree with expected
values (according to the "equilibrium law'") to

within typical margins of experimental error (10%).
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(h) The equilibrium constant for a

reaction should increase with temperature rise if

the reaction 1is endothermic and decrease with

temperature rise if the reaction is excthermic.

Graphs of Log (equilibrium constant) vs.

(Temp)“1 should be linear,
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Manunl for Programming Design Task

This manual desceribes the BASIC variables res-
cerved for actuating displavs and reading controls on
the reaction kinetics console; BASIC statements
and functions and a number of useful routines
(which act as =pecial functions),for example,
integ attonand means  for obtaining real time
values s« that the display ¢ n change with time
in a suitable manner for depicting the progress

nf a chemical reaction.

Further information, either about the programming
langauge, or about physical chemistry is available ;i
on request  though the manual is sufficiently
informative foir you to satisly the program design

specification.

(a) Reserved Variables

Programning Task Variables Variable Range

Concquﬁgtions. Reactant A M1 0-255
B M2 0--255
C M3 0-255 i
D M4 0-255

Initial Concentration A N1 0-255
B N2 0. 255
C N3 0-255
D N4 0-255
Time (Simulation Time) Jb 0-255

Stochiometric Coefficients

Roactant




T

T

Temperatures

Initial temperature T@
Reaction vessel

tenperature T1

Thermostat on/oflf T2

Arrhenius Fucntion Parameters

Po P1
P P2
1
QF Ql
QR Q2
Rate Constants
K (forward) K1
K (reverse) K2

K manual or compute (forward) L1
K manual or compute (rceverse) L2
Heat (Enthalpy Change)

Al H1
H H2

Additional reactant variables

Add Reactant A L5
Subtract Reactant C L6
J1

Mode Control number input

(Reset, run, hold, repent)

0-255

@ or 1

0-255
0-~255

for 1
for 1

(both x 50)

(hoth x 50)
(both x 50)

+100
-100

3,

4

(all x 50)




(b)) The following evtracts from the CED BASIC manual

summarise the BASIC statements and functions.,

Section 3

ELEMENTS OF THE LANGUAGE

3.1 INTRODUCTION

A BASIC program consists of one or more BASIC lines. A BASIC line consists of a line
number followed by a BA..IC statement, and terminated by a non-printing carriage
return character. A line number consists of from one to four decimal d.gits in the
range of 1 to 9999, and is used to establish the order of the lines in a program.
BASIC statements are executed in the ascending order of their line numbers beginning
with the lowest numbered executable statement and proceeding through successively
higher numbered executable statements except where specifically directed otherwise by
control statements such as GOTO, IF, or GOSUB. When writing a BASIC program, it is
advisable to number BASIC lines by fives or tens to allow for the possible later
insertion of new lines.

A BASIC statement is made up of a sequence of keywords, operands, and operators.

A koyword is a sequence of letters having special significance to the system. In the
statement definitions in Section 4, they are shown in capital letters. Ex;méles of
keywords are PRINT, INPUT, and LET.

An operan? is a variable, a constant, or a function reference. During exocution of a
BASIC pr:.;tam an operand has a value which is a positive or negative real number
whose magnitude is either zero or in the approximate range 2.71 x 10720 to 9.23 x
1018, rThis provides more than six decimal digits of accuracy.

Space characters may be freely used anywhere in a BASIC line to improve the appearance

and readability of the BASIC program.

3.2 CON: TANTS

A constant is an item whose value is Aalways defined during execution of a program.
Constants may be expressed as integers, decimal numbers, or in exponential format,
i.e., a decimal number times some power of ten. A constant consists of a sequence of
digits possibly containing a decimal point (.), and possibly followed by a decimal
expone: t consisting of the letter E, an optional sign, and one or two digits, in that
order. The following are examples of constants:

7 Integer
325 Integer
2.6 Decimal number
3.14 Decimal number
.000314E+4 Decimal number in exponential format
314E-02 Decimal number in exponential format

T e, e




1 ;
3.3 VARIABLES
A variable is an item, represented by a symbol, that may be assigned a value. A f
simple variable is either a letter or a letter followed by a digit. A subscripted i
variable is a letter followed by one or more expressions enclosed in parentheses; if :
multiple expressions are used, they are separated by commas. For example: :
A Simple variable ‘;
B2 Simple variable 4
X(3) Subscripted variable
E (A*3) Subscripted variable 1
J(Y2,1I+5) Subscripted variable ]
9
3.4 FUNCTION REFERENCE : B
A function reference consists of a three letter function name followed by a parenthe- ﬂ
sized list of arguments. TIf there is more than one argument they are separated by J
commas. The number of arguments supplied in a function reference must agree with the :

number of arguments supplied in the function definition. Reference to a function

produces a value which in general is dependent on (i.e., a function of) the current
values of the arguments. The system supports both user-defined and system-defined E
functions as described in section 6.

3.5 OPERATORS

An operator is a symbol used in forming an expression. There are two types of opera- 4
tors as listed below: . ;

ARITHMETIC OPERATORS

Symbol Example Meaning
+ A+B Addition
- A-B Subtraction
* A*B Multiplication
/ A/B Division
t AtB Exponentiation .

RELATIONAL OPERATORS

Symbol Example Meaning
< A<B A less than B
> A>B A greater than B
<= A<=B A less than or equal to B
>= A>=B A greater than or equal to B
= A=B A equal to B
<> A<>B 2 not equal to B

Operators are said to operate on operands; more precisely, they operate on the current
values of the operands.
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3.6 EXPRESSIONS

An expression is a sequence of operands and operators, possibly grouped by paren-
‘heses. An operand standing by itself is an expression, and if £ and F are expres-
sions and @ is any operator, then E @ F, (E), +E, and ~E are also expressicmn:.

3.7 EXPRESSION EVALUATION '
Within an unparenthesized expression the order of evaluation is:

Exponentiation 1
Multiplication and division
Addition and subtraction
Relationals

Within a sequence of consecutive operators of the same type, evaluation is from left
to right.

Parentheses may be used to override this basic rule for order of evaluation. Parenthe-
sized portions of expressions are evaluated first. Nested parenthesized groups are
evaluated beginning with the inner-most grouping, working outward.

All expression evaluation is done in standard floating-point form as defined above.
When a pair of operands is operated on by a relational operator, the result is either
one or zero depending on whether the relation is true or false, respectively.

The following table shows examples of expressions and the values that would result

Y
¥
:
from their evaluation. It is assumed that the operands X, Y, and Z have the value 4, ?
3.14, and -2.7, respectively. E
Expression Value
X ' 4
Z+7 4.3
-2 -2
SGN(Z) -1
INT (Y+ABS (2+1)) 4
X$2*2+Y -40.06
X2*(Z+Y) 7.04
X<Y<?Z 0

ilote that relational operators are not restricted to use in IF statements.

For
example, the statement

LIT X = 5%(Y>0) + 4*(Y<=0)

may be used to substitute for a sequence of several statements.
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Section 4

BASIC STATEMENTS

4.1 INTRODUCTION

This section defines the general form and operation of the BASIC statements. Section
4.2 defines those statements included in both the BASIC-1 and BASIC-2 Systems, whereas
section 4.3 defines the statements that are only applicable to BASIC-2 Systems.

In the following presentation of the general form of each BASIC statement, the
following conventions apply:

1. Elements in capital letters, such as FOR, THEN, and GOSUB, are required and must
appear exactly as shown. (Exception: see LET description.)

2. Elements in lower-case are supplied by the user.
GOTO line number

3. 3quare brackets surrounding an element of the language indicate that the element
is optional and may be included or omitted at the user's option.

INPUT variable [,variable]

4. A right square bracket followed by an ellipsis (...), indicates that the enclosed
element may be omitted or repeated an arbitrary number of times.

DATA constant [, constant] e

4.2 BASIC-1 STATEMENTS

The BASIC-1 language consists of 18 statements. There are two classes of statements:
Fxecutable and non-executable.

Non-executable statement- are used to specify data items and functions to be used in
a program, or to include comments concerning the purpose or operation of a program.
The non-executable statements include:
DATA - used to introduce a constant, or a series of constants, into a program.
DIM - used to reserve storage space for arrays.

DEF - used to specify user-defined functions.

REM ~ used to include program descriptive remarks.
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Executable statements contrcol the input and output of data, the evaluation of mathe-
matical formulas, and the control of the program flow. Executable statements include

READ - used to select constants from DATA statements and assign their values to
the variables supplied in READ statements.

INPUT - used to accet! data from the input device.

PRINT - used to output formatted Jdata to the output device.
RESTORE - used to permit DATA statement constants to be re-used.
LET - used to assign a value to a variable.

GOTO - used to branch to a specified statement.

GOSU'R - used tolcall a subron*ine.

RETURN - used to return from a subroutine.

FOR - NEXT - used in combination to define a program loocp.

IF - THEN (or IF - GOTO) - used for conditional branching.

ON - used to conditionally select the next statement for execution based on the
evaluation of an expression.

STOP - used to return the system to the command mode.

END - used to signify the end of program execution.

4.2.1 READ Statement (Executable)

The READ statement is used in conjunction with DATA statements to permit the assign-
ment of constants to variables as a program is executed. The general form of the

READ statement is:
READ variable [,variable]...
For each variable in the list the next constant is obtained from the consolidated

DATA statement list; it is converted to internal floating-point form, and the result-
ing value is assigned to the variable.

4.2,2 DATA Statement (Non-Executable)

The DATA statement is used to introduce a constant, or a series of constants, into a
program. The general form of the DATA statement is:

DATA signed constant [ ,signed constant]...

DATA statements establish a sequence of values to be accessed by the READ statements
in the program. There may be any number of DATA statements in a program, each con-
taining any number of constants (within the constraints imposed by the length of a
BASIC line). When the last constant in a DATA statement has been accessed by a READ
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statement, the next constant accessed by the same or a different READ statement will
be the first constant in the next DATA statement.

10 DATA 1, -2, 1.25

20 READ A, B, C, D, E

30 DATA 50

40 READ F, G

50 READ H

60 DATA 20.C0E3, 0.155E~10, 252
70 END

In the preceding example, the READ statement at line 20 will assign the valucs 1, -2,
1.25, 50, and 20,000 to the variables A, B, C, D, and E. The READ statement at line
40 will assign the values 0.155 E-10 and <52 to the variables F and G. The READ
statement at line 50 attempts to access a value after the last constant in the last
DATA statement has been used. The BASTC System wil) then return an error message,
terminate program execution, and return to the command mode.

4.2.3 RESTORE Statement (Executable)

The RESTORE statement permits the re-use of DATA statement constants. The general
form of the RESTORE statement is:

RESTORE

Execution of this statement causes the series of constants defined by the DATA state-
mentd of the program to be re-used. That is, the first value obtained by the logic-
ally next READ statement will be derived from the first constant in the physically
first DATA statement in the program.

Example:

10 DATA 0,1
20 READ A,B
30 PRINT A,B
40 RESTORE

50 READ E,F
60 END

The variables E and F will be assigned the values 0 and 1, respectively.

4.2.4 INPUT Statement (Executable)

The INPUT statement is used to enter data from the input device while a program is
running. The general form of the INPUT statement is:

INPUT variable [ ,variable]...

When an INPUT statement is executed, the system prints a prompt character '?' at the
user's terminal to indicate that it is ready to accept a line of data. The user then
may type in one or more constants formatted exactly the same as specified for the
DATA statem:nt (but without the keyword DATA), followed by a carriage-return char-
icter. The system then converts the constants into internal floating-point form and
A5signs the resulting values in order to the variables listed in the INPUT statement.
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If the user supplies fewer constants than there are variables, the system prints
another prompt character and waits for another line of data. If the user supplies
more constants than there are variables in the INPUT statement, the extra constants
are ignored.

Example:

INPUT X1, X2, L(1), L(2), L{3)

4.2.5 PRINT Statement (Executable)

The PRINT statement is used to output formatted data on the output device. The
general form of the PRINT statement is:

PRINT [print element]...
If there is no list following the keyword PRINT, a line is skipped on the user's

terminal. If there is a list, the items in it are formatted as described below and
printed on one or more lines on the user's terminal.

. 4.2.6 LET Statement (Executable)

The LET statement is used to assign a value to a variable. The general form of the
LET statement is:

LET variable = [variable=]...expression
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The expression on the right is evaluated and the resulting value becomes the current
7alue for each of the variables appearing tc he left of an equals sjgn.

Examples:

10 LET X=4+21

20 LET A(1)=A(2)=0
30 LET W=X=Y+2

4u LET W=X+Y=2

Note that in line 30 the second equals sign acts as a replacement (assignment)
operator, whereas in line 40 the second equals sign acts as a relational operator.

Expressions appearing as subscripts are evaluated before any value replacements are
done. For example, if the current value of J is 4, the assignment statement

LET X(J-1)=J=3
will replace the value of X(3), not X(2).
For the operator's convenience, the word "LET" may be omitted when typing in a LET
statement. This is handled internally as follows: Since each statement normally

begins with a keyword of two or more consecutive alphabetic characters, and since in
a LET statement the variable which follows the word "LET" must be of the form

A=
or A(l,2)=
or AS=
or AS$(l,2)= .

none of which begin with two alphabetic characters, the statement processing logic
assumes that any statement which begins with an alphabetic character followed by a
non-alphabetic character is a LET statement with the word "LET" omitted. When this
situation is encountered, the internal processor inserts the four characters

LETY

into the line where the first alphabetic character was encountered. Thus a subsequent
listirg of such a line will appear with the word "LET" inserted.

Example:

*100 A=1.2
*#200 END
*LIST

100 LET A=1.2

200 END
*

,4.2.7 GOTO Statement (Executable)

The GOTO statement is used to unconditionally alter the sequence of statement execu-
tion. The general form of the GUTO statement is:

GOTO line number
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when control reaches a GOTO statement during the execution of the user's program,

UL

vl n o

control is unconditionally transferred to the statement having that line number. f
¥ Example: Ei
10  INPUT X '
‘ 20  PRINT EXP (X) B
30 GOTO 10 &
40 END

Execution of this program converts the user's terminal into a device which auto-
matically types out the value of eX each time a value (X) is typed in.

4.2.8 GOSUB and RETURN Statements (Executable) ) 1

The GOSUB and RETURN statements give the BASIC language a subroutine capability. The
general form of the GOSUB and RETURN statements is:

GOSUB line number
RETURN

Execution of a GOSUB statement transfers control to the specified line number.

| Execution of a RETURN statement sends control to the first executable statement
following the most recently executed GOSUB statement for which a RETURN has not yet
been executed.

Example:

10 LET X=5

20 GOSUB 60

30 LET X=7

40 GOSUB 60 i3
50 STOP g
60  LET A(I) =X 4
70 LET I=I+1

80 RETURN

N
s is-otulL

e

Subroutines may also be nested; i.e., subroutines may contain calls to other sub-
routines. Such nesting can be carried to any level. The following example illus- g
trates subroutine nesting with a shared RETURN statement.

E 20 GOSUB 30

' 25 sTOP

‘ 30 LET X=5 :

31 LET Y=7

32 GOSUB 40

33 LET X=X 2

i 34 LET Y=Y 2

i 35 GOSUB 40

A 36 LET X=X*5
37 LET Y=Y*9
40 PRINT X,Y
45 RETURN
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4.2.9 FOR and NEXT Statements (Executable)

The FOR and NEXT statements are used to specify the beginning and ending points of
program loops. The general form of the FOR and NEXT statements is:

FOR simple variable=expression TO expression [ STEP expression]
NEXT simple variable

The FOR statement in conjunction with the NEXT statement provides the user with a
convenient mechanism for defining program loops in which a simple variable varies
linearly as the loop proceeds. The association between FOR and NEXT statements is
established by the identifier of the simple variable. FOR and NEXT statements must
be paired within a program, and the set of statements through which control passes
between them is called the range of the FOR statement. Referring to the first,
second, and third expressions in the FOR statement as X, Y, and Z, respectively, X
is the first initial value of the simple variable for the first execution of the

range, 2Z specifies the value to be added to the current value of the simple variable

each time control reaches the associated NEXT statement. If Z is missing from the
FOR statement a value of +1 is used. If Z is specified, it must be preceded by the
keyword STEP. Then if the quantity (Y-X)/Z is not less than zero, cortrol is passed
to the first executable statement following the FOR statement; otherwise, control
passes to the first executable statement following the NEXT statement., The values

ased are the ones obtained when the FOR statement is first encountered. The range of

+he FCR statement is always executed at least once even if the quantity (Y-X)/2Z is
less t}n zero to start with.

The following is ar example of nested FOR statements:

10 DIM A{20,20), B(20,10), C(10,20)
20 FOR I = 1 to 20

30 FORJ = 1 to 20

40 LET A(1,J)=0

50 FOR K = 1 to 10

60 LET A(I,J)=A(I,J)+B(I,K)*C(K,T)
70  NEXT K

80 NEXT J

90 NEXT 1I

100 END

4.2.16 IF Statement (Executable}

The IF statement is used to provide a conditional program branch. The general form
>f the IF statement is:

IF expression THEN line number
or
IF expression GOTC line number

when an IF statement is executed, the expression is evaluated and interpreted as a
1ngical value. If the value is ialse, control is transferred to the next executable

statement. If the value is true, control is transferred to the statement having the

specified line number. A value of zrro is false; any non-zero value is true.

i i
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The expression usually takes the form E@F, where @ is one of the relational operators;,
and E and F are expressions.

10 INPUT X

15 IF X<=0 THEN 30

20 PRINT LOG (X)

25 GOTO 10

30 PRINT "POSITIVE VALUES REQUIRED"
35 GOTO 10

40 END

4.2.11 ON Statement (Executable)

The ON statement is used as a conditional GOTO statement to alter the sequence of
statement execution. The general form of the ON statement is:

ON expression GOTO line number [,line number]...

When an ON statement is executed, the expression is evaluated and the result is
truncated to an integer. The integer is then used as an index to select one of the
line numbers in the list. Control is transferred to the statement having the selected
line number. 1If the integer is less than one or greater than the number of line
numbers specified, control passes to the statement after the ON statement.
The ON statement gives the user a multi-directional switch capability.

2 INPUT X

4 ON SGN (X)+2 GOTO 6, 10, 14

6 PRINT "IMAGINARY"

8 GOTO 2

10 PRINT "UNDEFIN®D"
12 GOTO 2

14 PRINT LOG (X)

16 GOTO 2

4.2.12 STOP Statement (Executab{gl

The STOP statement is used to terminate program execution. The general form of the
STOP statement is:

STOP

Upon enrountering a STOP statement during the execution of a program, execution
ceases and the system reverts to the command mode of operation. (See section 2).

STOP statements can be used anywhere in a program to designate the logical rather
than the physical end of a program. STOP is useful in debugging programs, and in
suspending program exec''ion at critical points where a user may wish to display
intermediate results, and then alter program execution depending on the displayed
results.
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4.2.13 DIM Statement (Non-Executable)

The DIM statement is used to reserve storage space for data arrays. The general form
of the DIM statement is:

DIM letter (constant{,constant]...),letter (constant ,constant ...)...

The DIM statement defines the name and dimensionality of arrays. Each "letter"
appearing in a DIM statement becomes the name of an array, so that a maximum of 26
arrays may be declared in a program. The dimensiocnality of an array is determined by
the number of constants in parentheses following the name. Each constant must be a
positive integer, and the value of the constant defines the largest value that a
subscript expression in that position may have. The minimum value that any subscript
expression may have is zero. Every reference to an element of the array must contain
exactly as many subscr.p. expressions as there are constants in the declaration of
the array. For example, the statement

DIM P(5), Q(8,6,4), R(2,2,2,2,3)

defines three arrays, containing 6, 315, and 324 elements, respectively. 0 is a
9x7x5 array, and references elsewhere in the program to elements of Q must carry a
parenthesized list of three subscript expressions. The reference Q(0,0,0) refers to
the first element of Q. P is a one-dimensional array (vector).

It is permissible for an array name to be the same as the name of a simple variable.

DIM statenents may appear anywhere in the program, and they are not required to
precede references to the arrays they define.

4.2.14 DEF Statement (Non-Executable)

The DET statement enables the introduction of a user defined function. The general
form of the DEF statement is:

DEF FN letter (simple variable[,=imple]variable...)=expression

The DEF ~tatement gives the user a convenient means of avoiding rewriting expressions
which occur frequently in his program and differ only in their operands. The "FN
letter"” combination becomes the name of an explicitly defined function which may then
be used whenever a frinction reference is permitted. Such a reference causes the
evaluation of the names shown in the definition. The 'letter' in the function name
may be any of the 26 alphabetic characters, thus giving the user a potential reper-
toire of 26 explicitly defined functions.

The DEF statement which defines a function name need not precede the reference.

It is permissible (although not necessarily desirable) for the arqument names in the
definition to be the same as names used elsewhere in the program.

Example:
Using the recursive definition

X +1=h O+ Y/Xp)

make three iterations starting with X;=1.

10 DEF FNQ (C)=(C+Y/C) /2
20 LET Y=4
30 LET X=FNQ (FNQ (FNQ (1)) )
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The general form and the effect of executing each of, the twelve matrix statements is
defined below. The reader is presumed to have a knowledge of matrices and matrix
operations.

4.3.1.1 Matrix Replacement

General Form:
MAT matrix=matrix

Effect:

Each element cf the first matrix is assigned the current value of the corre-

sponding element of the second matrix. The two matrices must have the same
dimensions.

4.3.1.2 Matfix Addition
General Form:
MAT matrix=matrix+matrix

Effect:

Each element of the first matrix is assigned a value which is the sum of the

corresponding elements of the other two matrices. All three matrices must have
the same dimensions.

4.3.1.3 Matrix Subtraction
General Form:
MAT matrix=matrix-matrix

Effect:

Each element of the first matrix is assigned a‘-value which is the difference

between the corresponding elements of the second and third matrices. All three
matrices must have the same dimensions. .

The preceding three kinds of matrix statements (replacement, addition, and subtrac-
tion), may be used with matrices of any dimension as long as they match.
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4.3.1.4 Matrix Multiplication

General Form:
MAT matrix=matrix*matrix

Effect:
The elements of the first matrix are assigned values such that it is the product
of the other two matrices according to the usual rule for matrix multiplication.
The standard restrictions concerning the dimensions of the three matrices apply.
That is if x, y, and z represent integer constants, then the following relation-

ship must exist between the dimensions of three matrices A, B, and C:

DIM A(x,z) IB(XOY) 'C(le)
MAT A'P'C

The matrix on the left side of the equal sign must not be the same matrix as
either of the matrices on the right.

4.3.1.5 Scalar Multiplication
General Form:
MAT matrix=(expression) *matrix
Effect:
Each element of the first matrix is assigned a value which is the product of the

value of the expression and the corresponding element of the second matrix. The
two matrices must have the same dimensions.

4.3.1.6 Matrix Transposition
General Form:

MAT matrix=TRN(matrix)
Effect:

The first matrix is made the transpose of the second matrix. The two matrices
must be square and have the same dimensions; they may be the same matrix.
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4.3.1.7 Matrix Inversion
General Form:
MAT matrix=INV(matrix)

Effect:

The elements of the first matrix are assigned values such that it is the inverse
(in the usual mathematical sense) of the second matrix. The two matrices must be
square and have the same dimensions.
NOTE ' =
The algorithm used by the INV function will output the "SM" error
message if the matrix to be inverted is singular (determinant=
zero) or nearly singqular (any main diagonal element=zero). To
invert a nearly singular matrix, the user may either perform
elementary row operations on the matrix to make a main diagonal
element non-zero, or use the Inversion library routine described
in section C.2 which accepts nearly singqular matrices.
4.3.1.8 Zero Matrix
General Form:

MAT matrix=ZER

Effect:

The value of each element of the matrix is set to zero.

4.3.1.9 Identity Matrix
General Form:
MAT matrix=IDN

Effect:

The value of every element of the matrix is set to zero except for the elements
on the principle diagonal which are set to one. The matrix must be square.

4.3.1.10 Constant Matrix

General Form:

Ty

MAT matrix=CON
Effect:

The value of each element of the matrix is set to one.
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4.3.1.11 Print Matrix
General Form:
MAT PRINT natrix[separator]natrix .. .Separator
Effect:
The value of every element of each of the elements in the list is printed in the
"ormat described under the PRINT statement. Each separator is either a comma or
a semicolon, and it governs the spacing on the print line between each matrix

element in the same way as for ordinary printing. The matrix elements are
ordered row-wise, and each row is started in a new line.

4.3.1.12 Read Matrix
General Form:
MAT READ matrix[,matrix]...
Effect:
Every element of each matrix in the list is assigned a value taken from a constant

in the consolidated DATA statement list. The matrix elements are ordered row-
wise. )

4.3.,3 CALL Statement (Executable)

In BASIC-2 and BASIC-3 programs, the CALL statement communicates with a Machine
Language Subroutine previously linked and loaded as a part of the BASIC Processor.

The general form of the statement is:
CALL (n[,argument]...)

The integer value of the variable or constant shown as n corresponds to one of 20
possible subroutine names, from ML1 thru ML20. '

Each argument can be either a constant or the name of a non-subscripted variable.
The name of an array or of a function is not acceptable.

This CALL statement transfers control to ML6, and passes it 2 names and 2 constants:

CALL (6, X2, AS, 255, "MESSAGE")
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Section 5

BASIC COMMANDS

5.1 INTRODUCTION

The BASIC System accepts six commands for controlling a user's operating environment.
Each command consists of a unique keyword of from three to five letters. Commands

are not preceded by a line number, and are always executed immediately upon entry.
Square brackets surrounding an element of the line indicate that parameter is optional
and may be included or omitted as required. The six commands are:

LIST - List all or part of a user's program

PUNCH - Output all or part of a user's program to paper tape

CLEAR - Initialize a user's word area g
RUN - Begin execution of a user's program

TAPE - Accept program input from paper tape

TYPE - Accept program input from the keyboard

S.2 LIST COMMAND )

The LIST command is used to print all or par »f a user's BASIC program as it cur-
rently stands in a user's work area. The g -al form of the LIST command is:

LIST [line number{,line number]]

If there are no line number parameters follow.ng the keyword, the entire program is
printed. If only a single line number is given, that line is printed. 1If the command
contains two line nurber parameters, that portion of the program whose line numbers
lie between the values is printed.

If the line to be listed is non-existent, the next higher numbered line will be
printed. If there is no higher numbered line, no listing will occur.

Although the user may have originally entered his program statements in any order,

they are maintained in the work area in order of ascending line number, and this is
the order in which they are listed.

5.3 PUNCH COMMAND

The PUNCH command is used to output all or part of a user's BASIC program as it
currently stands in the user's work area to paper tape or disc file. The general
form o” the PUNCH command is:

PUNCH [line number(,line number]]
If there are no line number parameters following the keyword, the entire program is
punched. If only a single line number is given, that line is punched. If the command

contains two line number parameters, that portion of the program bounded by the
specified line numbers is punched.
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Although the user.-may have originally entered his program statements in any order,
they are maintained in the work area in order of ascending line number, and this is
the order in which they are punched.

The format of the program on paper tape is such that it can be read back into the
user's work area at a later time for execution or further modification.

5.4 CLEAR COMMAND

The CLEAR command is used to initialize a user's work area. The general form of the
CLEAR command is:

CLEAR

When a CLEAR command is entered a user's work area is cleared of all program text,
and his relation with the BASIC System is re-initialized. After execution of a CLEAR
command the only meaningful action on the part of the user is a series of program
editing directives to construct a new program in his work area.

5.5 RUN COMMAND

The RUN command is used to begin execution of a user's BASIC prograrm. 'm;‘geneul
form of the RUN command is: :

RUN

Upon receiving a RUN command the BASIC System leaves the command mode of operation
and enters the execution mode. The user's program as it currently stands in the work
area is executed statement by statement, beginning with the first (lowest numbered)
executable statement, and continuing until a STOP or END statement is encountered, or
until an abnormal condition occurs. At this point a megsage identifying the cause
and lecation of the terminaiton is printed, the System re-enters the command mode of
operation and prints the asterisk prompt charactet.

5.6 TAPE COMMAND

The TAPE command is used to inform the BASIC System that a BASIC program is to be
ifiput from disc or paper tapr. The general form of the TAPE command is:

TAPE
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Section 6

BASIC FUNCTIONS

6.1 FUNCTIONS

The BASIC System includes 13 pre-defined functions to perform mathematical operations.
A function reference consists of a three letter function name followed by a paren-
thesized list of arguments. If there is more than one argument, they are separated
by commas. The number of arguments supplied in a function reference must agree with
the number of arguments specified in the function definition. Reference to a functicn

produces a value which in general is dependent on (i.e., a function of) the current
values of the arguments.

COMMON FUNCTIONS :

EXP (X) E raised to the X power

LOG (X) Natural logarithm of X

ABS (X) Absolute value of X

INT (X) The largest integer not greater than X
MOD (X.Y) X modulo Y

SGN (X) A value indicating the sign of X

SQR (Xx) Square root of X

RND (X) A random number hetween 0 and 1

The arguments X and Y to the functions may be a constant, a variable, an expression,
or another function.

The value of the argument to the RND function governs the generation of random numbers
in the following way: if the value is zero then the random number is generated from
rhe previously generated random number (or from a fixed value if this is the firs
request for a random number within the current execution); if the value is non-zero
then it takes the place of the previously generated number (or the fixed value) in

the algorithm that produces the new random number. In this way, the user has the
option of always generating the same sequence of random numbers (for check-out pur-

poses, perhaps) or of generating a different sequence for each execution of his
program.

The SGN function returns the value -1, 0, or +1, depending on whether the value of
the arqument is negative, zero, or positive.

In ac 'ition to the .~ pre-defined functions listed above, the CAI BASIC System sup-
ports user-defined functions, where the function reference is of the form:

FNa (X} User-defined function; a is any letter; and the function must be
defined in a DEF statement.
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(c) Special routines for operation A/D or D/A
convertors.

The general format for any ouput givi'n to any
D/A convertion is as follows where X, Y, will be
explained.

(1)"Call (6, X, Y)' Assigns to a meter Y = 1 to 6
the value of the variable X

For example, 'Call(6,ML, 1)"(X = M1, Y =1)

Assigns the value of variable M1 to meter 1.

(2) For input, the statements assign the value
on a given potentionmeter or switch to a

given variable. Again, the forms used are
transparent.

"Call(7, X, Y)'Assigns the value of potention-
meter or switch Y, to a variable X.

For example, '"Call(7,Dl, 1)" gives variable D1,
the (initial concentration) the value on
potentionmeter, 1.

(3) "Call(5, J)"Outputs the value of RTC to
the regulation time variable , J (the time
intervals lie between 0 and 255 but can be
divided to alter the preset simulation interval)

For example,
'Call(5,J)" assigns the variable J (previously
set to 0, say) the current RTC value (0 to 255)

(4)"Call(5, 0 )" Initialises RTC(for example,
in reset)
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(d) This routine is one quite convenient method

of computing any integral between limits of some
function FNF (Z) of a variable Z; for example, of

Z =Jd. It works by successive summation oi areas
beneath the curve of the function using approximation
rules (Simpsons, Midpoint, and Tripezoidal) and
iterating, as required, to reduc: the size of the
rectangular segments beneath the curve until there
are negligible differences between the different

area approximations that are used.

It is nccessary to specify, Z, to Define
the function of Z and to dr “ine the limits Z1, 72, between
which the value of the integral (called Z@) is to
be found. The output assigns a value to Z9.

It is assumed below that instructions are
written with the usual 5 line gaps, starting at line
XY05. As written, the routine is part of a program. If
used as a subroutine,it is entered by GOSUB XY05
and XY86 is Return

XY05 Let DEF FNF (Z) = Whatever Expression (say e :%&)
XY1Q Let Z9 = @
XY15 Let 21

Lower limit

XY2Q Let Z2 = Upper limit

XY25 Let 723 = 22 - Z1

XY3p Let Z4 = (FNF(Z1) + FNF(Z2) ) * Z3
XY35 Let 25 = @

XY4Q Let 24 = (24 + Z5)/2 &=

XY45 Let Z5 = @
XY5@ For 2 = Z1 + Z3/2 to Z2 Step 23

XY55 Let 25 = 25 + FNF(2)

XY6P Next Z

XY65 Let Z5 = 25 * Z3

XY7Q Let 26 = (Z4 + 2 * 725)/3

XY75 Let Z@ = 26 (Current value of the integral of FNF(Z) )
XY8Q Let 23 = Z3/2

XY85 If ABS (Z4 - Z5)/ABS(Z6) » 1E-4 Then XY4Q (Test to end

iteration loop) el
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